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later  generations  more  severely  than  the  parent  generation.  Estimates  of  bioconcentra¬ 
tion  factors  for  TNT  were  not  very  reliable,  but  general  consensus  was  that  TNT  does 
not  highly  bioconcentrate.  N 

TNT  is  absorbed  by  both  humans  and  test  animals  through  the  skin,  by  ingestion, 
and  by  inhalation.  Following  oral  absorption,  ^C-TNT  is  widely  distributed  throughout 
the  body  and  is  found  at  highest  levels  in  the  G1  tract,  liver,  kidneys,  and  blood. 
Studies  of  the  metabolism  of  TNT  have  indicated  potential  pathways  and  byproducts,  par¬ 
ticularly  products  found  in  urine.  The  liver  is  the  site  for  metabolic  and  detoxifica¬ 
tion  activity.  Oral  LDsos  of  TNT  in  test  animals  range  from  660  mg/kg  in  mice  to  3190 
mg/kg  in  rats.  Acute  effects  after  dosing  In  rats  and  mice  centered  on  nervous  system 
disturbances  with  inactivity,  tremors,  and  seizures  followed  by  death.  The  primary 
effects  of  occupational  exposure  to  TNT  are  jaundice  with  toxic  hepatitis  and/or  aplas¬ 
tic  anemia  that  can  be  fatal.  Significant  effects  on  the  hematological  system  occurred 
at  mean  exposure  levels  of  0.2  to  7.5  rag/m^.  Evaluations  of  oral  TNT  toxicity  were 
reported  for  90-day  exposures  of  dogs,  mice,  and  rats.  The  effects  for  all  three 
species  were  similar  and  included  depressed  weight  gain,  mild  to  moderate  anemia, 
enlarged  livers  and  spleens,  some  testicular  atrophy,  and  hemosiderosis  of  the  spleen. 

A  similar  pattern  of  effects  was  found  in  a  13-wk  rat  diet  study  (TNT  doses  of  1,  5, 

25,  125,  or  300  mg/kg/day) ,  in  a  2-yr  rat  study  (TNT  levels  of  0.4,  2,  10,  and  50 
mg/kg/day),  and  in  a  26 -wk  beagle  dog  study  (given  TNT  capsules  with  0,  0.5,  2.0,  8.0, 
or  32.0  mg/kg/day).  Th  Ames  Salmonella  typhimurium  assay  of  pure  TNT  in  strains  TA98, 
TAlOO,  TA1537,  and  TA1538  demonstrated  increased  frequencies  of  mutations,  usually  in 
the  absence  of  S9  activating  enzymes.  Levels  of  100  to  1000  mg/plate,  0.5  to  10  g/mL, 
and  110  to  880  nanomoles/plate  produced  effects  in  most  strains  and  frequently  in 
dose -dependent  patterns.  Carcinogenicity  data  were  limited  to  a  2-yr  study  of  rats 
which  indicated  hyperplasia  and  carcinoma  of  the  urinary  bladder  in  females  at  the 
highest  dose  (50  mg/kg/day). 

Standards  for  TNT  occupational  exposures  have  been  recommended  by  OSHA  (TLV  of  1  5 
rag/m-*) ,  U.S.  Army  (0.5  ing/m^)  ,  and  ACGIH  (TLV  of  0.5  rag/m^  and  STEL  of  0.3  mg/m^) . 
Drinking  water  limits  of  0.03  to  0.05  mg/I.  were  recommended  by  the  U.S.  Arr.iy  and  Navy. 
Previous  calculations  of  aquatic  criteria  have  been  made  using  the  then  current  USEPA 
guidelines  and  for  the  protection  of  human  health  ranged  from  6.3  to  44.25  pg/L  and  for 
the  protection  of  aquatic  life  ranged  from  60  to  900  pg/L  for  the  maximum  concentra¬ 
tions  and  40  pg/L  for  a  continuous  concentration.  Available  data  for  calculating  water 
quality  criteria  were  insufficient  to  meet  all  the  USEPA  guideline  requirements. 
However,  enough  data  were  available  to  calculate  a  reasonable  estimate  of  the  criterion 
maximum  concentration,  557  pg/L,  to  protect  aquatic  life.  The  other  component  oi  the 
criteria,  the  criterion  continuous  concentration,  needs  further  research,  but  a  tenta¬ 
tive  estimate  might  be  40  pg/L.  To  determine  criteria  to  protect  human  health,  the 
no-observed-effect  level  from  a  chronic  study  in  rats  of  0.4  mg/kg/d  was  used.  Appli¬ 
cation  of  the  proper  uncertainity  factors,  results  in  an  estimate  of  135  p g/L. 
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EXECUTIVE  SUMMARY 


2,4,6-Trinitrotoluene  (CAS  No.  118-96-7)  is  a 
the  commercial  form  of  yellow  monoclinic  needles, 
it  is  highly  stable  - -detonating  only  if  shocked  or 
vapor  pressure,  and  has  very  low  solubility  (about 
water . 


flammable  solid  with 
At  room  temperature, 
heated,  has  a  low 
130  mg/L  at  20°C)  in 


The  environmental  fate  of  TNT  following  release  into  aquatic  sys¬ 
tems  has  been  well  studied.  The  persistence  of  TNT  in  the  environment 
is  very  limited.  Both  physical  and  biological  degradation  processes 
affect  the  residence  time  of  TNT  in  the  environment.  Biological  degra¬ 
dation  by  bacterial  and  fungal  species  occurs  slowly  in  the  environment, 
with  slightly  higher  rates  in  the  presence  of  other  carbon  sources. 
However,  the  extent  of  biological  degradation  of  TNT  may  not  extend  to 
cleavage  of  the  TNT  ring.  Under  suitable  conditions,  degradation  of  TNT 
by  photolysis  occurs  at  a  much  faster  rate  than  by  microbial  degrada¬ 
tion,  with  half-lives  for  TNT  exposed  to  natural  sunlight  of  3  to  22 
hrs.  Again,  the  presence  of  additional  organic  matter  increases  the 
degradation  rate.  The  pH  of  the  water  can  affect  the  rate  if  organic 
material  is  at  low  levels  with  a  lower  rate  at  lower  pH.  The  rate 
increases  with  time  due  to  the  presence  of  photolysis  products  in  solu¬ 
tion.  The  pathways  of  photodegradation  of  TNT  have  not  been  fully  elu¬ 
cidated,  and  several  mechanisms  involving  intermediate  compounds  have 
been  proposed. 

Studies  of  the  acute  toxicity  of  TNT  to  aquatic  organisms  indicate 
that  LC50  values  range  from  5.2  to  27.0  mg/L  for  invertebrates  in  48 -hr 
static  tests  and  from  0.8  to  4.2  mg/L  for  fish  in  24-  to  96 -hr  static 
tests.  In  96-hr  flow-through  tests,  the  LC50  values  for  fish  ranged 
from  2.0  to  3.7  mg/L.  Evaluations  of  factors  that  might  affect  the 
acute  toxicity  of  TNT  indicate  that  water  hardness  is  not  a  significant 
factor,  but  toxicity  decreases  with  increasing  pH,  temperature,  and  pho¬ 
todegradation.  By  a  more  sensitive  measure,  the  incipient  LC50,  values 
of  0.19  to  13.9  mg/L  were  found  for  invertebrates,  and  values  of  1.4  to 
1.9  mg/L  were  found  for  fish  species. 

Data  on  the  chronic  effects  of  TNT  included  an  environmental  survey 
of  an  Army  Ammunition  Plant  (AAP)  that  produced  TNT  and  several  labora¬ 
tory  studies.  Wastewater  effluents  produced  effects  on  macroinver¬ 
tebrate  species  numbers,  diversity,  and  density  in  a  reservoir  bay  down¬ 
stream  from  Volunteer  AAP.  Total  munition  concentrations  (including 
TNT)  of  0.025  mg/L  produced  no  effects  on  macroinvertebrate  communities, 
but  definite  effects  were  noted  at  0,150  to  0.600  mg/L  with  a  suggested 
minimal  effect  level  of  0.050  to  0.100  mg/L.  A  laboratory  microcosm 
study,  using  daphnid  zooplankton,  worms,  and  algae  exposed  statically  to 
TNT  for  21  days,  produced  significant  reductions  in  total  numbers  of 
daphnids  and  worms  at  levels  of  >5.6  mg/L.  A  28-day  study  of  effects  on 
daphnids  exposed  in  flow- through  conditions  to  TNT  levels  of  0.03  to 
1.03  mg/I,  produced  no  significant  effects  on  survival  or  reproduction. 
Some  transitory  effects  (at  test  days  14  and  21)  in  lower  rates  of  young 
produced  at  1.03  mg/L  might  be  biologically  significant  because  of  the 
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shorter  lifespan  of  daphnids  under  natural  conditions.  Chronic  studies 
of  early  life  stages  of  three  fish  species  exposed  to  TNT  in  flow¬ 
through  conditions  for  30  to  6 0  days  (post-hatch)  measured  a  variety  of 
toxic  impacts.  Egg  hatching  and  fry  survival  were  decreased  at  levels 
of  0.84  to  1.33  mg/L  in  three  fish  species  exposed  for  30  days.  In  60- 
day  studies  of  trout  eggs  and  fry,  levels  of  0.24  to  1.69  mg/L  reduced 
fry  survival,  while  levels  of  0.40  to  0.50  mg/L  reduced  total  length  of 
fry.  a  several-generations  studv  of  fathead  minnows  conducted  under 
flow-through  conditions  indicated  significant  effects  based  on  reproduc¬ 
tive  and  growth  indices.  Levels  of  0.04  to  1.21  mg/L  TNT  reduced  frv 
growth,  lowered  hatching  rates,  lowered  survival,  and  affected  the  later 
generations  more  severely  than  the  parent  generation. 

Toxic  effects  of  TNT  on  plants  were  shown  in  studies  on  algae  and 
duckweed  species.  A  level  of  1.0  ppm  reduced  growth  and  a  level  of  5.0 
ppm  produced  deaths  in  duckweed  after  11  days  of  exposure.  Algal  stud¬ 
ies  in  several  species  indicated  that  levels  of  2.5  to  9.0  mg/L  reduced 
growth,  and  levels  of  8  to  10  mg/L  resulted  in  death.  In  a  21-day 
microcosm  study,  levels  of  5.6  mg/L  significantly  reduced  growth,  while 
levels  of  0.6  to  1.0  mg/L  indicated  transitory  or  initial  effects  on 
growth.  The  0.6  mg/L  level  may  be  close  to  the  threshold  level  in  this 
study . 

Using  data  for  TNT,  Bioconcentration  Factors  (BCFs)  of  9.5  and  338 
were  calculated  for  muscle  and  viscera,  respectively,  of  bluegills. 

These  values  were  point  estimates  from  the  uptake  curve  and  are  not 
highly  reliable.  Other  BCF  estimates  included  210  to  2030  for  four, 
non-native  fish  species  and  a  calculated  value  of  20.5  (based  on  the 
octanol  water  coefficient).  The  general  consensus  was  that  TNT  is  not  a 
highly  bioconcentracable  substance. 

Trinitrotoluene  is  absorbed  by  humans  and  test  animals  through  the 
skin,  by  ingestion,  and  by  inhalation.  The  amount  absorbed  varies  among 
different  routes  and  test  species;  absorption  was  slower  by  the  dermal 
route  than  by  the  intratracheal  and  oral  routes.  Following  oral  absorp¬ 
tion,  ^C-TNT  is  widely  distributed  throughout  the  body  and  is  found  at 
highest  levels  in  the  Cl  tract,  liver,  kidneys,  and  blood.  After  24  hr, 
the  majority  of  radioactivity  from  ^C-TNT  exp  >sure  by  any  route  was 
found  in  the  urine  and  feces  of  all  species.  Although  experiments  were 
not  taken  beyond  24  hrs ,  there  is  an  indication  that  retention  of  ^C- 
TNT  is  not  extensive.  Because  of  the  low  solubility  of  TNT  in  water, 
the  radioactivity  in  urine  probably  represents  metabolic  byproducts.  No 
evidence  for  elimination  via  exhalation  of  C02  was  found. 

Studies  of  the  metabolism  of  TNT  have  indicated  potential  pathways 
and  byproducts,  particularly  products  found  in  urine.  Due  to  the  four 
functional  groups  on  the  TNT  molecule,  several  metabolic  reactions  are 
possible.  These  include  the  primary  ,-,etabolic  pathways  of  (1)  oxidation 
of  the  methyl  group  to  alcohol,  aldehyde,  or  carboxvl,  and  (2)  reduction 
of  nitro  groups  to  amino  or  hydroxylamino  compounds  (with  the  possible 
coupling  of  these  metabolites).  The  liver  is  the  primary  site  for  this 
metabolic  and  detoxification  activity. 
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The  oral  LD50s  of  TNT  In  test  animals  range  from  660  mg/kg  in  mice 
to  3190  mg/kg  in  rats,  with  most  values  in  the  800  to  1000  mg/kg  range. 
Acute  effects  after  dosing  rats  and  mice  centered  on  nervous  system  dis¬ 
turbances  with  inactivity,  tremors,  and  seizures  followed  by  death. 
Respiratory  inhibition,  cyanosis,  and  red-colored  urine  were  also  noted. 

A  large  literature  base,  which  documents  the  effects  of  occupa¬ 
tional  exposure  to  TNT  on  humans,  is  available.  The  primary  effects 
noted  are  jaundice  with  toxic  hepatitis  and  aplastic  anemia.  These 
effects  can  occur  separately  or  together  and  can  be  fatal.  The  amount 
of  TNT  and  the  length  of  exposure  required  to  produce  significant 
effects  varied,  and  the  severity  of  effects  appeared  to  be  mostly  a  mat¬ 
ter  of  individual  susceptibility.  Other  effects  detected  in  occupa¬ 
tional  exposure  studies  include  gastrointestinal  disruptions,  hemolytic 
anemia,  contact  dermatitis,  and  cataracts.  The  effects  of  TNT  exposure 
on  the  blood  system  are  variable  and  may  include  hemolysis  of  red  cells 
in  the  blood  stream,  destruction  of  hemoglobin  in  some  erythrocytes, 
formation  of  methemoglobin ,  and  formation  of  sul fahemoglobin .  The 
blood-forming  tissues  of  the  marrow  are  also  affected,  with  a  subsequent 
increase  in  numbers  of  reticulocytes  in  the  blood  stream  and  hyperplasia 
of  bone  marrow.  With  further  exposure,  the  bone  marrow  becomes  hypocel- 
lular  and  the  number  of  erythrocytes  in  the  blood  are  reduced.  Progres¬ 
sive  aplastic  anemia  develops  with  rapid  deterioration  usually  leading 
to  death.  Occupational  exposure  studies  indicated  that  significant 
effects  on  the  hematological  system  (primarily  decreased  hemoglobin) 
occurred  at  mean  exposure  levels  of  0.2  to  7.5  mg/m^ . 

Evaluations  of  oral  TNT  toxicity  were  reported,  based  on  90-day 
exposures  of  dogs,  mice,  and  rats.  The  dogs  were  given  TNT  dose  levels 
of  0,  0.2,  2.0,  or  20  mg/kg/day  in  gelatin  capsules.  Levels  of  0, 

0.002,  0.01,  0.05,  or  0.25  percent  TNT  by  weight  in  the  diet  were  fed  to 
rats.  Levels  of  0,  0.001,  0.005,  0.025,  or  0.125  percent  TNT  were  fed 
to  mice.  In  general,  the  effects  for  all  three  species  were  similar, 
with  a  little  more  severity  in  dogs  and  rats.  Principal  effects 
included  depressed  weight  gain,  mild  to  moderate  anemia,  enlarged  livers 
and  spleens,  some  testicular  atrophy,  and  hemosiderosis  of  the  spleen. 
These  studies  parallel  many  of  the  human  case  history  reports,  indicting 
anemia  (usually  hemolytic,  but  also  aplastic)  and  liver  damage  as  the 
primary  responses.  A  similar  pattern  of  effects  was  found  in  a  13-wk 
rat  diet  study  (TNT  doses  of  1,  5,  25,  125,  or  300  mg/kg/day),  in  a  2-yr 
rat  study  (TNT  levels  of  0.9,  2,  10,  and  50  mg/kg/day),  and  in  a  26-wk 
beagle  dog  study  (given  TNT  capsules  with  0,  0.5,  2.0,  8.0,  or  32.0 
mg/kg/day) .  The  pattern  of  anemic  effects  indicated  a  more  hemolytic 
basis  than  an  aplastic  anemia. 

A  variety  of  short-term  test  systems  has  been  used  to  evaluate  the 
genotoxicity  of  TNT  and  TNT-complexes  with  most  systems  indicating  posi¬ 
tive  effects.  The  Ames  Salmonella  Cyphimurium  assay  was  used  to  test 
TNT  and  the  urine  of  workers  in  TNT  production  facilities.  Tests  of 
pure  TNT  in  S.  cyphimurium  strains  TA98,  TA100,  TA1537,  and  TA1538 
demonstrated  increased  frequencies  of  mutations,  usually  in  the  absence 
of  S9  activating  enzymes.  Levels  of  100  to  1000  mg/plate,  0.5  to  10 
g/mL,  and  110  to  880  nanomoles/plate  produced  effects  in  most  strains 
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and  frequently  In  dose-dependent  patterns.  A  study  of  Swedish  TNT  work¬ 
ers  evaluated  genotoxicity  with  a  bacterial  fluctuation  assay  which 
indicates  increased  frameshift  mutations  when  tested  without  S9  activa¬ 
tion.  Urine  samples  from  14  workers  produced  significant  increases  (p 
<0.01),  and  these  increases  could  be  correlated  with  observed  TNT  levels 
in  the  ambient  air  of  the  work  stations.  Other  evaluations  of  genotoxi¬ 
city  of  TNT  included  a  cytogenic  analysis  of  bone  marrow,  unscheduled 
DNA  synthesis  (UDS)  assays  in  rat  liver  cells  and  human  diploid  fibro¬ 
blasts,  a  P388  mouse  lymphoma  gene  mutation  assay,  and  a  mouse  bone  mar¬ 
row  micronucleus  assay.  Only  in  the  human  cell  UDS  assay  (at  1000  g/mL) 
and  the  mouse  lymphoma  assay  (at  doses  from  0  to  1000  g/mL)  were  signi¬ 
ficant  genotoxic  effects  reported. 

No  data  were  found  on  the  teratogenic  or  developmental  toxicity  of 
TNT  in  mammals.  The  only  indications  of  reproductive  effects  were  scat¬ 
tered  effects  on  testes  of  rodents  in  chronic  tests.  Carcinogenicity 
data  were  limited  to  a  2-yr  study  of  rats,  which  indicated  hyperplasia 
and  carcinoma  of  the  urinary  bladder  in  females  at  the  highest  dose  (50 
n>gAg/day) . 

Standards  for  TNT  occupational  exposures  have  been  recommended  by 
OSHA  (TLV  of  1.5  mg/m3),  U.S.  Army  (0.5  mg/m3),  and  ACCIH  (TLV  of  0.5 
mg/m3  and  STEL  of  0.3  mg/m3).  Drinking  water  limits  of  0.03  to  0.05 
mg/L  were  recommended  by  the  U.S.  Army  and  Navy.  Previous  calculations 
of  aquatic  criteria  have  been  made  using  the  then  current  USEPA  guide¬ 
lines  and  for  the  protection  of  human  health  ranged  from  6.3  to  44  /jg/L 
and  for  the  protection  of  aquatic  life  ranged  from  60  to  900  ng/L  for 
the  maximum  concentrations  and  40  pg/L  for  a  continuous  concentration. 

Available  data  for  calculating  water  quality  criteria  were  insuffi¬ 
cient  to  meet  all  the  USEPA  guideline  requirements.  However,  enough 
data  were  available  to  permit  calculation  of  a  reasonable  estimate  of 
the  criterion  maximum  concentration,  557  jig/L,  to  protect  aquatic  life. 
The  other  component  of  the  criteria,  the  criterion  continuous  concentra¬ 
tion,  needs  further  research,  but  a  tentative  estimate  might  be  40  ag/L. 
To  determine  criteria  to  protect  human  health,  the  no-observed-effect 
level  from  a  chronic  study  in  rats  of  0.4  mg/kg/day  was  used.  Applica¬ 
tion  of  the  proper  uncertainity  factors  results  in  an  estimate  of  135 
fig/L.  All  the  criteria  generated  in  this  report  are  generally  of  the 
same  magnitude  as  prior  calculations  of  aquatic  criteria. 
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1 .  INTRODUCTION 


2 ,4 , 6 -Trinitrotoluene ,  also  known  as  a- trinitrotoluene  or  TNT,  is  a 
munitions  compound  currently  and  previously  manufactured  or  handled  at 
several  US.  Army  facilities,  including  Radford  Army  Ammunition  Plant 
(AAP) ,  Volunteer  AAP,  Alabama  AAP,  Holston  AAP,  Iowa  AAP ,  Joliet  AAP, 
Lone  Star  AAP,  McAlester  AAP,  Milan  AAP,  and  Newport  AAP  (Pal  and  Ryon 
1985) .  Although  the  majority  of  current  TNT  manufacture  occurs  at  Rad¬ 
ford  AAP,  Load  Assemble  and  Pack  (LAP)  activities  occur  at  several  of 
the  other  AAPs ,  and  other  sites  contain  residual  contamination  in  soils, 
groundwaters,  and  treatment  lagoons  that  may  be  potentially  hazardous. 
The  objective  of  this  report  is  to  review  the  available  data  on  the 
aquatic  and  human  health  effects  of  TNT  and,  using  the  latest  U.S. 
Environmental  Protection  Agency  (USEPA)  guidelines,  generate  water  qual¬ 
ity  criteria  values.  Appendix  A  is  a  summary  of  the  USEPA  guidelines 
for  generating  water  quality  criteria  for  the  protection  of  aquatic 
organisms  and  their  uses  (Stephan  et  al.  1985).  Appendix  B  is  a  summary 
of  the  USEPA  guidelines  for  generating  water  quality  criteria  for  the 
protection  of  human  health  (USEPA  1980). 


1.1  CHEMICAL  IDENTITY  AND  PROPERTIES 

2,4,6-Trinitrotoluene  (CAS  No.  118-96-7)  is  a  flammable  solid  with 
the  commercial  form  of  yellow  monoclinic  needles  ( ACGIH  1983).  At  room 
temperature  it  is  highly  stable  (detonating  only  if  shocked  or  heated)  , 
has  a  low  vapor  pressure,  and  is  virtually  insoluble  in  water.  Synonyms 
and  a  summary  of  chemical  and  physical  properties  are  given  below  with 
data  from  Lindner  (1980),  unless  indicated  otherwise. 

Molecular  formula:  C7H5N3O6 

Molecular  weight:  227.13 

Structural  formula: 


N02 


CAS  registry  number:  118-96-7;  RETCS  (1983-1984)  No.  XV0175000 
Chemical  name;  2,4,6-Trinitrotoluene 


Synonyms:  TNT,  2-methyl -1 , 3 , 5- trinitrobenzene ,  a- trinitrotoluol , 
sym- trinitrotoluene ,  l-methyl-2 ,4.6-trinitrobenzene,  Tolit,  Trllit, 
Trotyl,  tritol,  sym- trinitrotoluol  (Windholz  1976);  Entsufon, 
s- trinitrotoluene  (MEDLARS  (RTECS)  1985] 


ft 


Elemental  analysis:  C,  37.01  percent;  H,  2.22  percent;  N,  18.50  percent; 
0,  42.27  percent  (Windholz  1976) 

Melting  point:  80.1'C  (Windholz  1976) 

Boiling  Point:  190"C  at  2  mm  Hg,  245-250'C  at  50  mm  Hg  (Urbanski  1983b) 
20 

Density:  D*  1.654  (solid)  (Windholz  1976);  1.467  at  82"C  (Urbanski 
1983b) 

D(g/cm^)  -  1.5446  -  1 .016x10' -*t,  where  t  -  "C;  applicable  in  the  tem¬ 
perature  range  83* -120" 

Dipole  moment:  1.37D  (Windholz  1976) 

Hygroscopic ity:  Practically  nonhygroscopic ,  0.03  percent  at  30°C  and  90 
percent  humidity  (Zakhari  et  al.  1978) 

Vapor  pressure:  0.046  mm  Hg  at  82*C  (MEDLARS  (CTDB)  1985] 

Stability:  TNT  is  very  stable  and  may  be  stored  indefinitely  at  tem¬ 
perate  conditions  without  deterioration. 

Decomposition:  The  decomposition  mechanism  of  TNT  at  elevated  tempera¬ 
tures  (200°C)  is  very  complex,  producing  at  least  25  different  com¬ 
pounds  as  well  as  large  amounts  of  undefined  polymeric  material. 

Viscosity:  8  cP  at  99°C;  9.5  cP  at  100"C  (Zakhari  et  al.  1978) 

Detonation  products  (experimentally  determined  in  a  calorimetric  bomb, 
mole  per  mole  TNT):  3.65  C  (sol),  1.98  CO,  1.60  H20,  1.32  N2 ,  0.46  H2 , 
0.16  NH3,  and  0.10  CH/+ 

Heat  of  formation,  kJ/g:  0.293 

Heat  of  combustion,  kJ/g:  15.02 

Heat  of  detonation,  kJ/g:  4.23 

Specific  heat,  J/(g  x  K) :  1.38 

Heat  of  fusion,  J/g:  98.3 

Heat  of  vaporization,  J/g:  339 

Heat  of  sublimation,  J/g:  447 

Thermal  conductivity,  W/(mK):  0.54 
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Coefficient  of  linear  expansion:  6.7xlO‘V°C 

Solubility  (g/100  g)in  water  (Zakhari  et  al.  1978): 

0.010  at  0°C  0.068  at  60°C 

0.013  at  20°C  0.148  at  100°C 

0.029  at  40°C 

Solubility  (g/100  g)  in  other  solvents  at  20°C  (Windholz  1976): 


Pyridine  - 

137 

1 , 2 -Dichloroethane 

-18.7 

Acetone  - 

109 

Diethyl  ether 

-  3.29 

Toluene  - 

55.0 

Tr ichloromethylene 

-  3.04 

Benzene  - 

67.0 

Ethanol  (95  percent) 

-  1.23 

Methyl  acetate  - 

72.1 

Carbon  tetrachloride 

-  0.65 

Chlorobenzene  - 

33.9 

Carbon  disulfide 

-  0.48 

Chloroform  - 

19.0 

Ethylene  dichloride 

-  18.7 

Log  octanol -water  partition  coefficient:  1.84 

(method  of  Lyman  et  al .  1981,  as  used  by  Rosenblatt  1931). 


1.2  MANUFACTURING  AND  ANALYTICAL  TECHNIQUES 

Traditionally,  TNT  has  been  manufactured  by  nitrating  toluene  in 
several  stages  with  a  mixture  of  H2SO4  and  HNO3  as  the  nitrating  agent. 
Improvements  in  TNT  manufacturing  and  purification  processes  have  taken 
place,  but  the  basic  principle  has  not  changed  (Urbanski  1983a). 

A  major  improvement  in  the  commercial  manufacture  of  TNT  was  the 
replacement  of  the  batch  process  by  the  continuous  method  of  manufacture 
(Urbanski  1983b) .  The  British  method  of  continuous  manufacture  of  TNT 
was  developed  in  1917,  while  a  continuous  method  developed  by  J.  Meisner 
was  perfected  in  Germany  during  World  War  II.  A  1953  study  group  con¬ 
cluded,  after  a  survey  of  the  seven  known  European  continuous  processes, 
that  the  Bofors -Norell  process  was  the  best  (Gilbert  1980,  citing  data 
of  Wendes  and  Little  1954).  This  process  includes  both  continuous 
nitration  of  toluene  or  mononitrotoluene  to  trinitrotoluene  and  continu¬ 
ous  crystallization  of  the  product  (TNT)  from  dilute  nitric  acid  (Urban¬ 
ski  1983b).  A  second  study  group  in  1967  selected  the  Swedish  Nobel- 
Chematur  Process  as  modified  by  Canadian  Industry  Ltd.  (using  sodium 
sulfite  instead  of  nitric  acid  in  the  purification  step) ,  as  the  best 
available  continuous  process  (Gilbert  1980,  citing  data  of  Slemrod 
1970).  It  was  a  further  modification  of  this  process  that  resulted  in 
the  first  continuous  operation  of  TNT  manufacture  in  the  United  States 
in  1968  at  Radford  AAP. 

A  wide  variety  of  analytical  techniques  have  been  used  to  identify 
TNT  in  process  streams,  vapor  emissions,  and  wastewater  effluents. 

These  techniques  include  wet  chemical  methods  (usually  combined  with 
more  sophisticated  instrumental  techniques),  electrochemical  methods, 
chromatography,  and  spectrophotometry;  the  topic  is  reviewed  by  Cas- 
torina  (1980),  and  because  the  area  is  so  large,  only  a  few  examples 
from  his  review  will  be  mentioned.  One  electrochemical  technique, 
single  sweep  polarography ,  has  determined  TNT  concentrations  in  water  as 
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low  as  50  ppb  and  is  applicable  to  both  field  and  laboratory  conditions. 
Gas  chromatography  (GC)  used  in  conjunction  with  thin- layer  chromatogra¬ 
phy  can  give  quantitative  analyses  of  TNT  and  biodegradation  products  of 
TNT  in  the  micro-  to  picogram  range.  Wastewaters  from  Army  TNT  manufac¬ 
turing  plants  have  been  analyzed  for  TNT  and  degradation  products  by  GC, 
thin- layer  chromatography,  high  performance  liquid  chromatography  (with 
an  ultraviolet  ( UV ]  detector  at  220  nm) ,  and  column  chromatography.  A 
spectrophotometr ic  method  has  been  used  on-line  to  monitor  carbon 
columns  in  wastewater  treatment  for  TNT  at  concentrations  as  low  as  0.1 
ppm.  Also,  a  fluorescent -dyed  quaternary  ammonium  ion  exchange  resin 
has  been  used  to  detect  TNT  at  70  ppb  levels  in  wastewaters  after  irra¬ 
diation  with  UV .  A  colorimetric  dual  channel  system  was  used  to  detect 
TNT  in  wastewater  effluents  (at  levels  of  1  ppm)  and  when  compared  to  GC 
methods  gave  a  better  analysis  of  other  TNT  isomers  and  degradation  pro¬ 
ducts,  was  easier  to  use,  and  was  more  suitable  for  routine  surveil¬ 
lance.  Spectrometric  methods  that  have  been  used  for  TNT  include 
infrared,  nuclear  magnetic  resonance,  X-ray,  mass,  negative- ion  mass, 
plasma  chromatography  mass  (detected  TNT  in  air  at  10  pp  trillion) ,  and 
chemical  ionization  mass.  More  applications  of  these  and  other  techni¬ 
ques  are  also  reviewed  by  Castorina  (1980)  but  are  beyond  the  scope  of 
this  document. 
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2 .  ENVIRONMENTAL  EFFECTS  AND  FATE 


2.1  ABIOTIC  ENVIRONMENTAL  EFFECTS 

Information  on  the  effects  of  TNT  on  water  quality  consists  pri¬ 
marily  of  data  generated  from  various  AAPs.  Studies  were  made  at  Rad¬ 
ford  AAP  (Huff  et  al.  1975a),  Volunteer  AAP  (Huff  et  al.  1975b,  Sullivan 
et  al .  1977),  Joliet  AAP  (Ghassemi  et  al.  1976;  Stilwell  et  al .  1976; 
Jerger  et  al .  1976),  Iowa  AAP  (Weitzel  et  al.  1975;  Jerger  et  al .  1976; 
Sanocki  et  al.  1976),  and  Alabama  AAP  (Keirn  et  al.  1981)  measuring 
various  physical  and  chemical  parameters  of  the  affected  aquatic  systems 
relative  to  distance  from  the  AAP  or  to  actual  levels  of  TNT  in  the 
water  or  sediments.  These  data  are  quite  variable  because  many  factors 
affect  water  quality,  including  the  munition  production  levels  and  con¬ 
ditions,  weather  conditions,  and  time  of  year.  Also,  other  related  com¬ 
pounds  (e.g.,  dinltrotoluenes)  were  present  in  most  of  the  wastewater 
effluents,  complicating  the  analysis.  A  more  detailed  review  of  these 
studies  can  be  found  in  Ryon  et  al .  (1984). 

In  general,  the  effects  of  TNT  wastewater  on  water  quality  are  con¬ 
centrated  on  several  parameters,  TNT  wastewater  increased  the  chemical 
oxygen  demand  (COD),  the  load  of  solids  (both  dissolved  and  suspended), 
the  levels  of  nitrogen  species  (nitrates,  nitrites,  and  total  Kjeldahl 
nitrogen) ,  and  the  levels  of  sulfates  in  the  water  of  receiving  streams 
at  a  majority  of  AAP  locations.  Affected  to  a  lesser  degree  were  total 
organic  carbon,  pH,  and  phosphate  levels.  The  effects  on  associated 
sediments  paralleled  those  found  for  the  water  column,  with  the  greatest 
impact  on  COD,  levels  of  nitrogen  species,  and  phosphate  concentrations. 
The  expected  significance  of  these  effects  would  be  to  increase 
nutrients  for  algal  and  plant  growth,  reduce  light  penetration  and  sub¬ 
strate  habitat  availability  due  to  input  of  solids,  reduce  oxygen 
availability  for  animal  utilization  and  organic  decomposition,  and,  in 
general,  increase  the  frequency  of  changes  in  water  parameters  (e.g.,  in 
pH)  that  are  stressful  to  the  biotic  communities.  However,  these  stud¬ 
ies  do  not  provide  a  conclusive  link  between  TNT  and  these  effects, 
because  of  the  presence  of  many  other  compounds  in  the  wastewaters 
discharged  from  the  AAPs. 


2.2  ENVIRONMENTAL  FATE 

Persistence  of  munition  compounds  in  the  environment  is  dependent 
on  several  factors  including  the  degree  to  which  they  bioaccumulate  and 
the  processes  that  degrade  them.  This  section  will  first  discuss  the 
overall  question  of  persistence  and  then  examine  in  more  detail  some  of 
the  individual  factors  involved. 


2.2.1  Persistence  of  TNT 

Solid  chunks  of  TNT,  buried  or  on  the  surface  of  soil,  can  persist 
for  many  years  (Rosenblatt  1986  pers.  comm). 
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In  the  aquatic  environment,  mechanisms  affecting  persistence 
include  the  physical  degradation  processes  of  photolysis  and  hydrolysis 
as  well  as  biological  degradation  by  bacteria.  A  laboratory  study  of 
the  impact  of  photolysis  and  microbial  degradation  on  TNT  was  reported 
by  Spanggord  et  al .  (1980).  Both  processes  were  important  to  the  degra¬ 
dation  of  TNT,  but  in  natural  waters  biotransformation  was  considerably 
slower  (under  certain  conditions  as  much  as  1,000  times  slower)  than 
photolysis.  The  photolysis  half-lives  of  TNT  vary  with  season  and  lati¬ 
tude,  as  shown  in  Table  1.  Studies  of  microbial  degradation  indicate 
that  biodegradation  half-lives  are  longer  (19  to  25  days)  than  the 
half-lives  of  photolysis  and  occur  after  a  lag  period  (13  to  20  days). 
The  rate  of  transformation  is  increased  by  the  presence  of  additional 
organic  or  nutritional  material.  Simulation  analyses  based  on  data  from 
AAPs  also  indicate  that  in  natural  waters  the  photolysis  half-lives  for 
TNT  are  short  (3  to  22  hr),  while  the  microbial  degradation  half-lives 
are  comparatively  long  (21  to  65  days,  including  acclimation  period).  A 
study  of  natural  Potomac  River  water  spiked  with  20  mg/L  TNT  and  micro¬ 
bial  sediments  under  exposure  conditions  of  sunlight,  shade,  or  darkness 
found  complete  disappearance  of  TNT  in  6  to  8  days  in  sunlight,  while 
730  days  were  requited  for  90  percent  disappearance  in  shade  (Burlinson 
1980) . 


TABLE  1.  SUNLIGHT  PHOTOLYSIS  OF  TNTa 
IN  PURE  WATERb 


Latitude 

Summer 

Winter 

( °N) 

Half-life  (hr) 

Half-life  (hr) 

20 

1A 

22 

A0 

1A 

A5 

50 

1A 

8A 

a.  TNT  -  2 , A , 6  -  trinitrotoluene . 

b.  Adapted  from  Spanggord  et  al .  1980. 


Data  on  the  persistence  of  TNT  in  the  aquatic  environment  were  pro¬ 
vided  by  Jerger  et  ai.  (1976).  They  used  sediments  from  Iowa  and  Joliet 
AAPs  as  microbial  sources  for  degradation  studies.  In  laboratory  micro¬ 
cosm  studies,  Jerger  et  al.  (1976)  found  that  90  percent  of  a  10  ppm  TNT 
solution  was  transformed  following  three  days  of  incubation. 

Sikka  et  al.  (1980)  studied  the  sorption  and  desorption  of  TNT  by 
sediments.  They  used  0.5  g  of  nonsterilized  sediments  from  a  farm  pond 
and  the  Holston  River  (above  the  Holston  AAP)  and  50  mL  of  ^C-TNT  solu¬ 
tion  in  125  mL  Erlenmeyer  flasks.  The  flasks  were  shaken  at  enough 
speed  to  maintain  the  sediment  in  suspension,  were  kept  in  the  dark,  and 
were  kept  at  a  constant  temperature  (30°C),  One-mL  samples  were  taken 
at  various  intervals  over  a  2A-hr  period  and  tested  to  determine  TNT 
concentration;  changes  in  concentrations  were  assumed  to  be  due  to  sorp¬ 
tion  by  the  sediments.  Desorption  studies  were  also  done  using  the 
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sediments  from  earlier  sorption  studies.  The  sediments  were  suspended 
in  fresh  phosphate  buffer  (pH  7)  72  hrs  after  completion  of  the  sorption 
studies,  and  samples  were  taken  to  determine  any  change  in  soluble  TNT 
concentrations  Sikka  et  al .  (1980)  found  that  sorption  increased  with 
time  at  initial  solution  concentrations  of  0.2  to  30.2  mg/L  and  was 
linear  with  increasing  TNT  concentrations.  Partition  coefficients 
ranged  from  5.5  to  22.2  for  the  four  sediments  tested.  Partition  coef¬ 
ficients  varied  with  pH  (3.8,  7.0,  and  8.9)  and  temperature  (10°,  20°, 
and  30°C) ,  being  lowest  at  a  pH  of  3.8  or  a  temperature  of  10°C.  The 
desorption  studies  demonstrated  that  TNT  or  TNT  breakdown  products  were 
released  slowly  from  the  sediments,  with  the  equilibrium  reached  only 
after  92  hrs.  In  general,  Sikka  et  al .  concluded  that  sediment  sorption 
of  TNT  is  very  low,  but  once  bound  by  the  sediments  release  is  very 
slow.  Evidently  TNT  can  also  persist  for  long  periods  in  groundwater 
(Rosenblatt  1986  pers.  comm.) 


2.2.2  Biological  Degradation  of  TNT 


As  previously  Indicated,  TNT  and  compounds  associated  with  its  pro¬ 
duction  can  be  degraded  and  transformed  by  bacterial  and  fungal  species 
in  aquatic  environments.  The  bacterial  species  that  have  been  identi¬ 
fied  as  effective  degraders  of  TNT  are  shown  in  Table  2  along  with  the 
resulting  degradation  products.  Mechanisms  by  which  the  degradation 
occurs  have  been  proposed  by  several  authors. 


It  Is  generally  agreed  that  degradation  of  TNT  occurs  fastest  in 
the  presence  of  added  nutrients.  Adding  varying  levels  of  glucose 
speeded  TNT  transformation  (Osmon  and  Klausmeiet  1972  ;  Won  et  al .  1974; 
Weitzel  et  al.  1975;  Jerger  et  al .  1976;  Amerkhanova  and  Naumova  1978; 
Hoffsommer  et  al .  1978),  and  adding  yeast  also  produced  increased 
transformation  of  TNT  with  reported  rates  of  100  mg/L  in  6  days  (Osmon 
and  Klausmeier  1972)  and  100  /ig/mL  in  24  hrs  (Won  et  al.  1974).  The 
transformation  rate  was  shown  to  increase  as  the  yeast  concentration 
increased  (Spanggord  et  al .  1980).  Transformation  of  TNT  occurred  more 

slowly  when  it  was  the  sole  source  of  carbon  (Weitzel  et  al.  1975;  Trax- 
ler  1975;  Spanggord  et  al .  1980);  oriy  by  using  population  densities  in 
excess  of  7 . 5  mg  cells/mL  (far  above  normal  environmental  levels)  could 
rapid  transformation  rates  (90  percent  in  24  hrs)  be  achieved  (Traxler 
1975).  The  increase  in  metabolic  rate  with  the  addition  of  nutrients 
indicates  that  co-metabolism  may  be  occurring  in  the  degradation  of  TNT. 


The  extent  of  reported  structural  degradation  of  TNT  was  found  to 
vary.  Breakdown  of  the  ring  structure  was  not  found  by  some  researchers 
(Hoffsommer  et  al.  1978;  Isbister  et  al.  1980;  Spanggord  et  al  1980), 
while  ring  cleavage  was  indicated  by  others  (Traxler  1975;  Hale  et  al. 
1979).  Both  of  these  groups  used  ^C- labels  to  identify  degradation 
products.  Unfortunately,  in  the  studies  indicating  ring  cleavage,  the 
effects  of  photolysis  were  unclear.  Hale  et  al.  mentioned  this  uncer¬ 
tainty,  but  no  reference  to  it  was  made  in  the  Traxler  studies.  A  per¬ 
sonal  communication  from  Dr.  David  Kaplan  (1985)  indicates  that  the 
current  consensus  of  researchers  in  this  area  supports  the  position  that 
the  ring  is  not  cleaved;  partly  because  the  work  indicating  cleavage  war. 
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TAME  2.  BACTERIAL  SPECIES  AND  METABOLITES  IN  BIODEGRADATION  STUDIES 
OF  TNT  AND  ASSOCIATED  COMPOUNDS 
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noc  substantiated  by  later  work  and  some  problems  were  identified  with 
the  original  studies.  Utilization  of  the  nitro  groups  in  TNT  by  bac¬ 
teria  was  more  universally  accepted  (Traxler  1975;  Amerkhanova  and  Nau¬ 
mova  1978;  Spanggord  et  al.  1980). 

The  pathways  for  degradation  of  TNT  have  been  discussed  by  several 
authors.  Won  et  al .  (1974)  found  that  TNT  is  reduced  within  24  hours  to 
form  2 , 2 ' , 6 , 6 ' - tetranitro -4 -azoxy toluene ,  2,2'4,4'- tetranitro -6- 
azoxy toluene ,  2 ,6-dinitro-4-hydroxylamlnotoluene  and  its  isomer  2,4- 
dinitro-6-hydroxylaminotoluene .  After  depletion  of  TNT,  the  azoxy  com¬ 
pounds  degrade.  The  other  two  compounds  are  then  reduced  to  the  respec¬ 
tive  4-amino  and  2-amlno  compounds.  These  are  further  reduced  to  nltro- 
diaminotoluene .  McCormick  et  al .  (1976)  elaborated  on  these  pathways, 
suggesting:  (1)  the  reduction  of  a  nitro  group  to  an  amino  group  (Figure 
1)  followed  by  oxidative  deamination  to  a  phenol,  releasing  ammonia;  and 
(2)  release  of  a  nitro  group  as  nitrite  with  the  formation  of  a  phenol. 
Hoffsommer  et  al .  (1978)  reported  the  metabolic  reduction  possibilities 
of  TNT  in  an  open  treatment  ditch.  They  found  evidence  for  the  stepwise 
nitro  reduction  process  outlined  by  McCormick  et  al.,  including  the  for¬ 
mation  of  the  tetranitroazoxy  compounds.  Hoffsommer  et  al .  also  found 
formation  of  insoluble  ^C-labelled  products  that  indicate  the  presence 
of  2 ,4 ,6-triaminotoluene .  Spanggord  et  al.  (1980)  also  supported  these 
proposed  degradation  pathways  and  indicated  that  there  is  no  reduction 
preference  between  either  the  2-  or  4-  position,  so  there  should  be 
equal  amounts  of  the  amino -dini trotoluene  isomers  and  the  nitroazoxy- 
toluenes . 

Biological  reduction  of  TNT  was  reported  by  Parrish  (1977)  for  190 
species  of  fungi.  He  found  that  with  glucose  added,  183  species  could 
reduce  TNT.  The  transformation  products  of  TNT  that  were  identified 
included  4 -amino  -  2 , 6 -dini trotoluene ,  4  - hydroxyl amino  -  2 , 6- dini trotoluene , 
and  2 , 2 ' , 6 , 6 ' - tetranitro -4 ,4 ' - azoxy toluene .  Using  ^^C-labelled  TNT,  he 
could  not  find  evidence  of  ring  cleavage. 


2.2.3  Physical  Degradation  of  TNT 


The  primary  physical  mechanism  that  degrades  TNT  munitions  in 
exposed  aqueous  solution  is  photolysis.  Exposure  to  sunlight  or  any 
source  of  UV  light  produces  fairly  rapid  breakdown  of  the  TNT  and  its 
associated  compounds,  including  many  impurities  and  resulting  degrada¬ 
tion  products.  Generally,  UV  light  with  a  wavelength  below  420  nm 
degrades  TNT  directly.  Wavelengths  between  400  and  500  nm  degrade  TNT 
indirectly  through  solar-absorption  by  natural  products  and  energy 
transfer  to  the  TNT  (Spanggord  et  al .  1980). 


Andrews  and  Osmon  (1976)  found  that  1,000  ppm  of  1.3,5-TNT  in 
aqueous  solution  was  reduced  to  170  ppb  after  24  hrs  exposure  to  240-260 
nm  UV  light.  This  produced  a  light  pink  residual  in  the  water,  indica¬ 
ting  continued  presence  of  aromatic  compounds,  but  ring  cleavage  to  C02 
and  volatile  organics  was  also  shown.  A  pink  water  solution  containing 
221  ppm  of  TNT  was  also  degraded  after  49  hrs  under  optimum  UV-exposure 
conditions.  The  half-lives  of  TNT  exposed  to  sunlight  in  natural  water 
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Figure  1.  Proposed  pathways  for  transformation  of  TNT  by  reduction 
of  the  proposed  nitro  groups.  Compounds  illustrated  are: 

1  -  2 ,4 ,6- trinitrotoluene ;  II  -  4-hydroxylamino-2 , 6-dinitro 
toluene;  III  -  4-amino  -  2 , 6 - dinitrotoluene ;  IV  -  2,4-diamino 
6-nitrotoluene ;  V  -  2 -hydroxylamino-4 , 6 -dini trotoluene ; 

VI  -  2-amino-4 ,6-dinitrotoluene ;  VII  -  2 , 2 , 6 , 6 ' - tetranitro- 
4 ,4' -azoxytoluene ;  VIII  -  4 ,4 ' , 6 , 6 ' - te trani tro- 2 , 2 ' - azoxy - 
toluene;  and  IX  -  2 , 4 , 6 - tr iaminotoluene .  From  McCormick 
et  al.  1976. 


ranged  from  3  to  22  hours  (Spanggord  et  al .  1980),  and  photolysis  rate 
constants  [K^(S'l)  x  10^]  ranged  from  4.88  to  16.7  for  natural  water 
(Spanggord  et  al .  1981). 

The  conditions  under  which  aqueous  solutions  of  TNT  are  exposed  to 
sunlight  can  affect  the  photolysis  process.  Solutions  that  contain 
organic  matter  result  in  faster  photolysis  rates  than  solutions  in  dis¬ 
tilled  water  (Spanggord  et  al .  1980).  The  pH  of  the  solution  can  be  a 
factor  in  the  rate  of  photolysis  if  the  water  contains  little  organic 
matter  (Burlinson  et  al.  1973,  as  cited  in  Isbister  et  al.  1980;  Spang¬ 
gord  et  al .  1980)  and  generally,  lower  rates  are  produced  at  lower  pHs . 
The  rate  also  increases  with  time,  a  result  of  co-metabolism  due  to  the 
increase  in  photolysis  products  in  solution  (Spanggord  et  al .  1980). 

The  pathway  by  which  TNT  is  reduced  has  not  been  fully  elucidated 
(Mabey  et  al .  1983;  Spanggord  et  al.  1980).  Intermediate  compounds  have 
been  identified  and  attributed  to  photolysis  (Table  3),  but  the  details 
of  their  formation  are  only  generally  known.  Several  authors  have  sug¬ 
gested  that  the  principal  information  supports  a  degradation  process  via 
a  triplet-sensitized  mechanism  (Rosenblatt  et  al .  1971;  Spanggord  et  al . 
1980;  Mabey  et  al.  1983).  This  mechanism  postulates  formation  of  a 
triplet  excited  state  of  the  TNT  compound  similar  to  the  one  in  Figure  2 
which  permits  a  weak  nucleophile  to  attack  and  remove  an  N02 ‘  or  X' 
group  (Rosenblatt  et  al.  1971).  Another  proposed  mechanism  is  based  on 
the  formation  of  a  complex  between  humic  substances  in  water  and  the  TNT 
compound  (Spanggord  et  al .  1981).  The  presence  of  such  a  complex  would 
alter  the  UV  absorbencies  responsible  for  photodegradation  of  TNT. 
Spanggord  et  al .  (1981)  tested  the  possibility  of  a  TNT-humic  acid  com¬ 
plex  by  using  a  polarographic  technique  to  determine  if  the  "free"  TNT 
in  pure  water  had  a  different  reduction  potential  than  TNT  in  water  from 
Searsville  pond  (high  in  organic  substances).  They  found  differences  in 
the  reduction  polargrams  between  the  two  TNT/water  combinations,  indica¬ 
ting  the  possible  formation  of  a  TNT-humic  acid  complex.  Theoretically, 
such  a  complex  might  absorb  sunlight  more  readily  than  TNT  alone, 
leading  to  faster  photodegradation. 


2.3  SUMMARY 

A  clear  cause  and  effect  relationship  for  abiotic  environmental 
effects  of  TNT  has  not  been  demonstrated.  Many  environmental  surveys 
and  reports  of  the  effects  of  TNT  wastewater  discharged  from  production 
and  handling  facilities  of  the  U.S.  Army  have  demonstrated  that  the 
chemical  complex  in  the  wastewater  does  produce  effects  on  COD,  solids 
load,  nitrogen  species  levels,  and  sulfate  levels.  However,  many  chemi¬ 
cals  have  the  potential  to  cause  these  effects,  and  the  data  do  not 
specifically  indicate  TNT  as  the  causative  agent. 

The  environmental  fate  of  TNT  following  discharge  into  aquatic  sys¬ 
tems  has  been  well  studied.  The  persistence  of  TNT  in  the  environment 
is  very  limited,  as  both  physical  and  biological  degradation  processes 
affect  the  residence  time  of  TNT  in  the  environment.  Biological  degra¬ 
dation  by  bacterial  and  fungal  species  occurs  slowly  in  the  environment, 
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TABLE  3.  KNOWN  PHOTOLYSIS  PRODUCTS 
OF  2 , 4 , 6 -TRINITROTOLUENE3 
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1 . 3 . 5- Trinltrcbenzene 

1. 3- Dlnitrobenzene 

2 .4- Dinit ro toluene 

2 .4 . 6- Trinitrobenzaldehyde 

2 .4 . 6- Trinitrobenzyl  alcohol 
2 ,4 ,  6-Trinitrobenzonitrile 
2,4 ,  6 -Trinit robenzaldoxime 

4 . 6 - Dinitro- 1 , 2-benzisoxazole 

4 . 6 - Dinltroanthranil 
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3 , 5 -Dinitrophenol 

2 ,4 , 6-Trinitrobenzoic  acid 

2-Amino-4 ,6-dinitrobenzoic  acid 

2.2' -Dicarboxy- 3 , 3 ' ,5,5' - tetranitroazoxybenzene 

2.2' -Dicarboxy- 3 , 3' ,5,5' -tetranitroazobenzene 

2 -Carboxy- 3 , 3 ' , 5 , 5 ‘ - tetranitroazoxybenzene 
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Figure  2.  Proposed  excited  state  intermediate  of  2 ,4 ,6*Trinitrotoluene 
found  in  photolvtic  reactions.  From  Rosenblatt  et  al.  1971. 


with  slightly  higher  rates  in  the  presence  of  other  carbon  sour¬ 
ces.  However,  the  extent  of  biological  degradation  of  TNT  may  not 
extend  to  cleavage  of  the  TNT  ring.  Degradation  of  TNT  by  photol¬ 
ysis  can  occur  at  a  much  faster  rate  than  by  microbial  degradation 
in  most  natural  waters,  with  half-lives  for  TNT  exposed  to  natural 
sunlight  of  3  to  22  hrs .  Again,  the  presence  of  additional 
organic  matter  increases  the  degradation  rate.  The  pH  of  the 
water  can  affect  the  rate  if  organic  material  is  at  low  levels. 

The  rate  increases  with  time  due  to  the  presence  of  photolysis 
products  in  solution.  The  pathways  of  photodegradation  of  TNT 
have  not  been  fully  elucidated,  and  several  mechanisms  involving 
intermediate  compounds  have  been  proposed. 
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3.  AQUATIC  TOXICOLOGY 

3.1  ACUTE  TOXICITY  TO  ANIMALS 

Studies  of  the  acute  toxicity  of  TNT  to  aquatic  animals  were  per¬ 
formed  on  several  different  families  of  invertebrates  and  fish.  Gen¬ 
erally,  the  results  are  presented  as  standard  LC50  values  (Table  A);  but 
additionally,  effects  were  noted  for  the  influence  of  water  conditions 
on  the  toxicity  of  TNT. 

Pederson  (1970)  exposed  groups  of  10  Lepomis  macrochirus  to  TNT 
solutions  for  96  hr  in  12-quart  polyethylene  buckets  containing  10  L  of 
water.  Preliminary  studies  indicated  a  decrease  in  TNT  concentration 
due  to  photodegradation  after  24  hr,  so  the  TNT  solutions  were  renewed 
on  a  24-hr  basis.  Exposure  conditions  were  varied  in  order  to  evaluate 
the  effects  of  temperature  and  water  hardness  on  the  LC50  values  of  TNT. 
Tested  conditions  included  two  temperatures  (10°  25“C)  and  two  levels  of 
water  hardness  (60  and  180  ppm  as  CaC03).  The  resulting  LC50  values 
indicated  that  water  hardness  was  not  a  factor,  but  temperature  was  with 
the  toxicity  at  10°C  being  slightly  lower  than  at  250C  (Table  4). 

A  study  by  Liu  et  al .  (1976)  used  Pimephales  promelas  and  Daphnia 
magna  to  determine  the  LC50  values  of  TNT  and  evaluate  the  effects  of  pH 
and  ultraviolet  photodegradation  on  those  values.  The  static  tests  were 
performed  according  to  USEPA  (1975)  guidelines  with  the  minnows  placed 
in  19-L  jars  containing  15  L  of  test  solution,  and  the  invertebrates 
placed  in  250-mL  beakers  containing  200  mL  of  solution.  The  LC50  values 
determined  for  the  standard  conditions  (pH  7  and  0  percent  degradation) 
are  givan  in  Table  4,  with  48-hr  values  for  the  invertebrates  and  96-hr 
values  for  the  minnows.  The  evaluation  of  pH  and  photodegradation 
effects  were  performed  only  with  P.  promelas .  The  pH  levels  tested 
included  5,  7,  and  9,  and  the  extent  of  photodegradation  included  0,  50, 
and  100  percent.  The  LC50  values  determined  for  the  varied  conditions 
are  given  in  Table  5.  These  tests  indicated  that  after  96  hr,  the  toxi¬ 
city  of  TNT  to  P.  promelas  decreased  with  increasing  pH  and  that  photo¬ 
degradation  of  the  TNT  solutions  reduced  the  toxicity. 

Another  evaluation  of  the  acute  toxicity  of  TNT  to  P.  promelas  was 
performed  by  Smock  et  al.  (1976);  however,  this  bioassay  was  designed  as 
a  flow-through  test  with  complete  replacement  of  the  TNT  test  solution 
in  a  15-L  tank  every  8  hr.  The  concentrations  were  initially  determined 
and  monitored  throughout  the  96-hr  test  by  spectrophotometr ic  analysis. 
Death  was  used  as  an  indication  of  toxicity  for  the  LC50  determinations, 
and  behavioral  responses  were  used  to  determine  the  median  effective 
concentration  (EC50).  The  LC50  value  was  2.58  mg/L  and  the  EC50  value 
was  0.46  mg/L  (Table  4),  The  lower  EC50  value  shows  that  TNT  produced 
initial  behavioral  effects  at  a  much  lower  concentration  than  the  lethal 
concentration,  and  observations  indicated  that  these  effects  occurred 
within  the  first  few  minutes  of  exposure.  The  effects  included  a  shock 
reaction  (gasping  at  the  surface  and  lethargy) ,  loss  o£  motor  control 
(Jerky  swimming  motions  with  exaggerated  gill  movements),  and  a  yawing, 
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TABLE  4  .  (Continued) 
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TABLE  5.  ACUTE  STATIC  TESTS  OF  2,4,6 -TRINITROTOLUENE  TOXICITY  TO 
P imephales  promelas  AS  AFFECTED  BY  pH  AND 
ULTRAVIOLET  IRRADIATION3 

Percent  LC50  (mg/L)k  95%  Confidence  Nonlethal 

Degradation  pH  24-hr  96-hr  Limits  (96-hr)  Concentration 


pitching,  swimming  motion  occurring  only  in  response  to  tactile  stimula¬ 
tion  (at  the  highest  concentrations). 

Based  on  earlier  work  (e.g.,  Liu  et  al .  1976),  a  large  study  was 
performed  by  Liu  et  al .  (1983)  to  determine  a  wide  range  of  acute  toxi¬ 
city  data  for  TNT  on  invertebrates  and  fish.  Like  several  other  stud¬ 
ies,  it  evaluated  toxicity  or  pure  TNT  as  well  as  from  various 
wastewaters  associated  with  TNT  production;  only  the  results  on  pure  TNT 
will  be  discussed  in  this  report.  In  accordance  with  the  USEPA  (1975) 
guidelines  for  acute  toxicity  studies,  both  static  and  flow-through 
determinations  of  LC50  values  were  made  using  invertebrates  ( Daphnia 
magna,  Hyallela  azceca,  Tanytarsus  dissimilis ,  and  Lumbriculus  variega- 
tus)  and  fish  (Pimephales  promelas ,  Lepomis  macrochirus,  Salmo  gaird- 
neri ,  and  Ictalurus  punctatus) .  In  the  static  tests,  fish  (generally  10 
per  treatment)  were  exposed  in  19-L  jars  containing  15  L  of  solution, 
and  invertebrates  (using  20  per  treatment)  were  exposed  in  250-mL  beak¬ 
ers  containing  200  mL  of  solution.  Occasionally,  test  solutions  were 
aerated  if  the  dissolved  oxygen  level  dropped  below  60  percent  during 
the  first  48  hr  or  below  40  percent  during  the  last  48  hr.  TNT  concen¬ 
trations  were  not  determined  directly  in  the  test  containers  but  were 
calculated  from  the  dilutions  of  the  stock  solution.  The  results  of 
these  evaluations  are  shown  in  Table  4  and  indicate  that  the  fish 
species  were  much  more  susceptible  to  TNT  than  were  the  invertebrates. 
Also,  the  values  for  the  various  fish  species  are  very  similar  to  values 
determined  by  other  researchers . 

The  flow-through  studies  of  Liu  et  al .  (1983)  used  19-L  glass 
aquaria  containing  15  L  of  solution  with  a  delivery  system  providing  a 
flow  rate  of  100  mL  per  min  over  a  total  exposure  duration  of  14  days. 
The  TNT  concentrations  were  determined  every  3  to  4  days  or  whenever  a 
new  stock  solution  was  used.  The  four  fish  species  were  exposed 
directly  xn  the  tanks  in  groups  of  20  per  chamber;  while  the  inverte¬ 
brates  (0.  magna  and  L.  variegatus)  were  exposed  in  suspended  egg  cups 
containing  10  to  15  animals.  The  LC50  values  generated  in  these  flow¬ 
through  tests  are  termed  incipient  values.  An  incipient  LC50  is  "the 
concentration  above  which  50  percent  of  the  test  organisms  cannot  sur¬ 
vive  indefinitely"  (Sprague  1969,  as  cited  in  Liu  et  al .  1983).  These 
values  are  generated  by  conducting  t ime -  independent  acute  tests  in  which 
no  additional  mortality  occurs  for  at  least  48  hr  after  the  first  96  hr 
of  exposure.  The  pooled  incipient,  24-,  48-,  and  96-hr  LC50  values  gen¬ 
erated  in  these  tests  are  given  in  Table  6.  The  incipient  values  are 
generally  lower  than  those  determined  in  the  standard  acute  tests  (Table 
4)  reported  by  other  researchers,  including  Liu  et  al .  (1983).  Also  the 
values  for  D.  magna  are  much  lower  Chan  any  other  reported  values 
including  fish  LC^O  values. 

Bringmann  and  Kuehn  (1980)  tested  several  organisms  for  the  effects 
of  TNT  using  the  cell  multiplication  inhibition  test.  In  this  assay, 
cultures  of  the  bacteria  Pseudomonas  pucida  and  the  protozoa  Entosiphon 
sulcatum  are  exposed  to  a  series  of  dilution  concentrations  for  16  hr  at 
23°C,  and  the  effects  are  measured  by  comparing  turbidimetrical  values 
expressed  by  the  extinction  of  primary  light  of  monochromat ic  radiation 
at  436  nm  for  a  10-mni- thick  layer.  Changes  in  the  multiplication 


-31- 


TABLE  6.  ACUTE  FLO*- THROUGH  TESTS  FOR  MORTALITY  OF 
AQUATIC  SPECIES  FOLLOWING  EXPOSURE  TO  2 .4 .6-TRINITROTOLUENE* 


Te  it 
Specie! 


LCjo  (mg/L) 


24-hr  48-hr  96-hr 


Inc  ip  ient^ 


Confidence  Limits 
for 

Incipient  LC$o 


2  0.19  ( 192 )c 

0.12-1.0 

0  13.9  (336) 

12.6-15.1 

5  1.4  (312) 

0.8-2. 5 

0  1.9  (240) 

1.3-3. 3 

3  1.6  (288) 

0. 9-3.0 

7  1.3  (384) 

0.9-2. 5 

LSItaalt  WHty<?thi,rufn 
Sal  mo  talrdncrie 
Ictelorua  ££R£ULtusf 
prone U»g 


«.  Adapted  from  Liu  et  al.  1983. 

b.  Total  honri  of  exposure  are  shown  in  parenthexes. 

c.  Control  mortality  *ai  3.3  percent. 

d.  Teat  animala  were  4.89  cm  in  average  total  length  and  1.47  g  in  average 
weight  at  atart  of  teat. 

e.  Teat  animala  were  7.20  cm  in  average  total  length  and  4.79  g  in  average 
weight  at  atart  of  test. 

f.  Teat  animala  were  3.27  cm  in  average  total  length  and  1.34  g  in  average 
weight  at  atart  of  teat. 

g.  Teat  animala  were  5.69  cm  in  average  total  length  and  1.38  g  in  average 
weight  at  atart  of  teat. 


inhibition  test  are  intended  to  serve  as  early  detectors  of  the  poten¬ 
tial  damage  of  water  pollutants.  The  toxicity  thresholds  indicated  on  a 
regression  line  were  >100  mg/L  for  the  bacteria  and  1.6  mg/L  for  the 
protozoa . 

Another  evaluation  of  the  acute  toxicity  of  TNT  was  performed  by 
Won  et  al.  (1976)  using  salt  water  copepods  ( Tigriopus  calif ornicus)  and 
oyster  larvae  ( CrassosCrea  gigas) .  Groups  of  100  copepods  and  200  oys¬ 
ter  larvae  (average  age  of  20  days)  were  incubated  at  20°C  for  72  and  96 
hr,  respectively,  to  various  concentrations  of  TNT  and  evaluated  for 
mortality.  As  shown  in  Table  7,  concentrations  greater  than  5.0  mg/L 
resulted  in  a  drastic  increase  in  mortality  for  both  species.  For  the 
oyster  larvae,  the  5.0-  to  10.0-mg/L  levels  spanned  a  definite  threshold 
effect  level,  while  for  the  copepods,  an  LC50  of  approximately  5  mg/L 
could  be  estimated.  These  values  correspond  reasonably  well  with  estab¬ 
lished  LC50  values  for  other  invertebrate  species  (Table  4). 


3.2  CHRONIC  TOXICITY  TO  ANIMALS 

Chronic  toxic  effects  of  TNT  on  aquatic  organisms  are  reported  in  a 
field  study  and  two  laboratory  models  or  studies.  Putnam  et  al .  (1981) 
evaluated  the  effects  of  wastewater  effluents,  including  TNT  and  its 
degradation  products,  on  the  macroinvertebrate  communities  downstream 
from  Volunteer  Army  Ammunition  Plant  (VAAP) .  They  looked  at  species, 
numbers,  diversity,  and  densities  in  two  reservoir  bays  (one  downstream 
from  VAAP  and  one  reference  bay)  by  sampling  artificial  (Hester-Dendy 
plates)  and  naturally  occurring  substrates  and  correlating  these  data 
with  sediment  and  water  column  concentrations  of  total  munition  com¬ 
pounds.  As  would  be  expected,  effects  on  these  parameters  generally 
increased  as  samples  were  taken  closer  to  VAAP  but  were  noticeable  as 
far  as  one  mile  downstream.  They  found  no  effects  on  macroinvertebrates 
at  total  munition  concentrations  of  25  /ig/L,  definite  effects  at  average 
concentrations  of  500  to  600  pg/L  (with  a  maximum  value  recorded  of  over 
2,000  /ig/L) ,  and  a  suggested  minimal  effect  at  concentrations  of  50  to 
100  ng/L.  However,  a  direct  correlation  with  TNT  concentrations  alone 
was  not  established. 

One  laboratory  study  of  the  effects  of  TNT  on  aquatic  organisms  was 
based  on  a  microcosm  approach  that  contained  the  zooplankton  Daphnia 
magna ,  the  benthic  oligochaete  Lunibriculus  variegacus ,  and  the  alga 
Selenascrum  capricornutum  (Bailey  1982).  An  interactive  community  of 
these  species  was  set  up  in  aerated  3-L  jars  containing  10,000  to  15,000 
algal  cells/mL,  15  daphnids,  and  30  worms  for  21  days.  Concentrations 
of  TNT  solutions  were  added  to  the  systems  to  produce  duplicate  expo¬ 
sures  of  all  concentrations  (0,  0.6,  1.0,  5.6,  10.0,  and  24.0  mg/L). 

The  concentrations  were  sampled  at  least  daily  and  analyzed  by  high- 
pressure  liquid  chromatography  to  detect  any  degradation  products  or 
reduction  of  TNT  concentrations.  Observations  included  effects  on  num¬ 
bers  and  conditions  of  invertebrates  at  the  end  of  21  days  and  on  repro¬ 
ductive  success  of  daphnids  during  exposure.  If  reproduction  increased 
the  daphnid  population  above  100  young,  then  the  excess  young  were 
culled  so  as  to  prevent  mortality  from  overpopulation.  The  TNT  levels 
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TABLE  7.  TOXICITY  OF  2 ,4 , 6 -TRINITROTOLUENE  FOLLOWING 
3 -DAY  EXPOSURE  OF  Tigriopus  calif omic.us  AND 
4 -DAY  EXPOSURE  OF  Crassoscrea  gigas& 


TNT  _ Mortality 


(mg/L) 

T.  calif ornicus 

C.  gigas 

100 

100/100b 

200/200 

50 

100/100 

200/200 

25 

100/100 

2C0/200 

10 

100/100 

163/200 

5 

44/100 

0/200 

2.5 

18/100 

0/200 

1.0 

0/100 

0/200 

0 

0/100 

0/200 

in  the  jars  did  decrease  with  time,  in  proportion  to  the  initial  concen¬ 
trations.  The  total  numbers  of  daphnids  were  reduced  at  all  concentra¬ 
tions.  Based  on  the  LC50  values,  reductions  at  levels  below  5.6  mg/L 
were  attributed  by  the  author  to  insufficient  food  due  to  reduced  algal 
populations  or  chronic-type  effects  of  low-level  exposures.  The  total 
number  of  worms  was  reduced  at  concentrations  as  low  as  5.6  mg/L;  the 
size  of  these  worms  was  also  affected.  Bailey  compared  these  data  with 
acute  LC50  values  measured  in  his  laboratory  (see  data  of  Liu  et  al .  in 
Tables  5  and  6)  and  found  that  the  toxic  concentrations  were  similar. 
Although  this  was  a  21-day  test,  it  could  not  be  considered  a  definitive 
evaluation  of  the  chronic  effects  of  TNT  on  invertebrates  due  to  its 
static  design,  exclusion  of  observations  for  reproductive  effects,  and 
lack  of  stable  TNT  concentrations. 

Bailey  et  al.  (1985)  further  tested  the  chronic  effects  of  TNT  on 
D.  magna ,  using  a  28-day  exposure  period.  The  tests  were  conducted 
under  flow-through  conditions  in  400-mL  beakers  placed  in  80-L  aquaria 
containing  28  L  of  water  arranged  so  that  water  could  enter  the  beakers 
through  mesh-covered  holes.  At  the  start  of  the  test,  young  daphnids 
were  placed  in  the  beakers.  Each  day  the  beakers  were  observed  for  mor¬ 
tality  of  adult  daphnids  and  production  of  young,  which  were  removed  and 
counted.  After  28  days,  the  remaining  daphnids  were  removed  from  the 
beaker  and  measured  using  an  ocular  micrometer.  Observations  in  this 
test  included  mortality  at  weekly  intervals  (test  days  7,  14,  21,  and 
28);  total  reproduction  at  weekly  intervals;  young  produced  per  female 
at  weekly  intervals;  young  produced  per  female  per  reproductive  day; 
length  at  day  28;  and  days  until  first  young  produced.  The  data  from 
daphnid  exposure  to  TNT  indicated  no  significant  effects  on  survival  at 
the  tested  concentrations  (0.03,  0.08,  0.24,  0.48,  and  1.03  mg/L).  The 
majority  of  reproductive  parameters  measured  also  indicated  no  signifi¬ 
cant  dose- response  effects  of  TNT  at  the  tested  doses.  Significant 
decreases  in  young  produced  at  the  highest  dose  (1.03  mg/L)  occurred  on 
days  14  and  21,  but  by  day  28  cumulative  reproduction  exceeded  that  of 
controls.  The  authors  felt  this  pattern  indicated  a  transitory  effect 
of  TNT  on  reproduction  but  also  cautioned  that  average  daphnid  survival 
in  the  real  world  would  be  less  than  28  days;  thus,  the  impaired  repro¬ 
duction  could  have  biological  significance  (Bailey  et  al .  1985). 

A  laboratory  evaluation  of  the  chronic  toxicity  of  TNT  on  fish  was 
also  reported  by  Bailey  et  al.  (1985).  They  investigated  the  effects  of 
TNT  in  early  life  stage  experiments  using  rainbow  trout  ( Salmo  gaird- 
neri),  channel  catfish  ( IcCalurus  punctatus) ,  and  several  generations  of 
fathead  minnows  (P imephales  promelas ) . 

In  the  early  life  stage  tests,  flow-through  conditions  were 
employed  with  water  supply  and  toxicant  supply  reservoirs  connected  to  a 
mixing  chamber  to  provide  proper  exposure  levels  and  a  minimum  flow  of 
four  tank  volumes  per  day.  Tests  were  performed  in  19-L  tanks  con¬ 
taining  15  L  of  solution  with  six  exposure  levels  (in  duplicate).  Chem¬ 
ical  concentrations  were  determined  prior  to  testing  and  at  weekly 
intervals  thereafter.  Nominal  temperatures  of  12"C  for  trout  and  25°C 
for  fatheads  and  catfish  and  a  photoperiod  of  16  hrs  of  light  were  used. 
In  the  trout  study,  60  eggs  per  duplicate  tank  at  each  exposure  level 
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were  fertilized  in  the  presence  of  TNT.  Two  series  of  studies  were  run 
with  an  exposure  period  of  60  days  post-hatch.  For  the  fathead  minnows, 
tests  were  initiated  with  30  embryos  per  duplicate  tank  at  each  exposure 
level,  and  embryos  were  observed  for  30  days  post-hatch.  The  catfish 
presented  a  problem,  because  the  eggs  could  not  be  individually  separa¬ 
ted  after  fertilization.  Therefore,  egg  masses  of  similar  weights  were 
distributed  to  each  tank,  and  a  30-day  post-hatch  treatment  period  was 
used.  After  treatment,  total  length  was  determined  for  each  test  organ¬ 
ism  and,  in  addition,  the  trout  were  weighed.  Results  from  these  tests 
are  given  in  Table  8.  Generally,  the  results  for  egg  hatching  or  fry 
survival  indicate  that  levels  up  to  and  including  1.35  mg/L  had  no 
effect  on  catfish,  levels  of  0.93  mg/L  significantly  reduced  trout  sur¬ 
vival  and  growth,  and  levels  of  0.84  mg/L  affected  fry  survival  in 
fathead  minnows.  Results  from  the  fathead  minnow  and  channel  catfish 
early  life  history  tests  are  questionable  due  to  the  problem  with  sur¬ 
vival  of  fry.  Because  of  high  variability  and  problems  with  survival  of 
trout  fry  in  controls,  an  additional  60-day  study  was  performed  using 
trout.  The  results  of  this  study  (Table  8,  test  2)  indicate  that  egg 
hatch  was  not  affected,  but  fry  survival  was  significantly  reduced  at 
levels  of  0.24  to  1.69  mg/L.  The  evaluations  of  the  effects  of  TNT  on 
total  length  of  the  trout  fry  (Table  8,  series  B)  showed  decreases  at 
levels  of  >0.49  mg/L  in  trout  (>0.50  mg/L  in  second  test).  Data  for  the 
other  species  did  not  show  growth  effects  of  TNT. 

Bailey  et  al.  (1985)  also  studied  effects  of  chronic  exposure  to 
TNT  of  fathead  minnows  over  several  generations.  The  general  test  pro¬ 
cedure  was  the  same  as  in  the  multi  -  species  fish  test  described  above. 
The  tests  with  the  fathead  involved  hatching  fry  from  at  least  40  eggs 
at  each  concentration,  observing  the  fry  for  90  days,  rearing  the  fry 
into  mature  adults,  breeding  4  pairs  of  mature  adults  at  each  dose, 
observing  the  spawning  success  of  these  breeders,  and  rearing  the  fry 
from  the  successful  spawning  efforts.  Many  indices  of  toxic  effects 
were  evaluated  in  this  test,  including  evaluations  of  the  parent  genera¬ 
tion  (F0)  and  their  offspring  (Fl)  (Table  9).  The  results  of  the  TNT 
exposure  on  the  egg  hatching  success,  fry  survival,  and  fry  growth  in 
the  Fo  generation  (Table  10)  indicate  significant  effects  on  egg  hatch 
at  1.21  mg/L,  on  fry  survival  at  0.25  to  1.21  mg/L,  and  early  effects 
(day  30)  on  fry  growth.  Data  on  reproductive  effects  of  chronic  expo¬ 
sure  to  TNT  indicate  a  wide  range  of  damage  with  almost  all  parameters 
affected  adversely  at  concentrations  of  0.04  to  1.21  (Table  11). 

Effects  that  were  not  statistically  significant  were  generally  still 
lower  than  control  values.  The  least  affected  parameter  was  number  of 
eggs  per  spawn  which  indicated  to  the  authors  that  the  overall  effect  on 
reproduction  was  due  to  reductions  in  the  survival  of  the  breeding  pairs 
and  frequency  of  spawns  per  pair  (Bailey  et  al.  1985).  Statistically 
significant  effects  of  TNT  on  rhe  Fl  generation  included  lower  numbers 
of  eggs  hatched  at  all  concentrations,  increased  numbers  of  deformed  fry 
at  0.10  to  0.56  mg/L,  decreased  fry  survival  the  first  30  days  of  expo¬ 
sure  at  0.04  to  0.25  mg/L,  and  reduced  leng,th  and  weight  of  fry  sur 
viving  to  60  days  at  0.04  to  0.25  mg/L  (Table  12).  This  general  pattern 
of  effects  on  reproduction  in  both  generations  is  also  reflected  in 
total  survivability  data  and  productivity  indices  (Table  13).  The  sum¬ 
mation  of  the  chronic  study  on  fathead  minnows  by  Bailey  et  al.  (1985) 
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TABLE  8.  EGG  HATCHING  SUCCESS  AND  FRY  SURVIVAL  IN  THREE  FISH  SPECIES 
AFTER  CHRONIC  EXPOSURE  TO  2 .4 , 6 -TRINITROTOLUENE8 


& 

& 


£ 


R 


Eggs 


Species 


TNT 

Level 

(ug/L) 


Test 

Series 


No. 

Exposed 


No. 

Hatched 


Fry 
Alive 
at  End 


Avg.  Fry 
Length 
(cm) 


TABLE  8. 

CONTINUED 

§ 

r-~ 

Eggs 

v 

TNT 

Fry 

Avg .  Fry 

Species 

Level 

Test 

No. 

No. 

Alive 

Length 

. 

(mg/L) 

Series 

Exposed 

Hatched 

at  End 

(cm) 

£ 

Rainbow  Trout 

Test  1 

0 

A 

61 

61 

37 

2.43 

y, 

B 

63 

63 

37 

2.42 

0.07 

A 

60 

56 

3b 

2.44 

ry 

B 

60 

56 

10b 

2.27 

u 

0.12 

A 

60 

59 

30 

2.33 

B 

61 

61 

42 

2 . 21b 

A  * 

0.21 

A 

61 

44b 

12 

2.54 

.*  • 

B 

60 

49b 

21 

2.45 

0.49 

A 

60 

59 

26 

2 . 21b 

$ 

D 

B 

60 

60 

41 

2 . 0Sb 

0.93 

A 

62 

44b 

l4b 

1 . 93b 

y. 

B 

64 

37b 

8b 

1 . 96b 

V 

y 

Test  2 

0 

A 

60 

53 

17C 

4.25 

t  IT 

B 

60 

52 

49 

3.69 

0.02 

A 

60 

51 

44 

3 . 67b 

cr 

B 

60 

55 

44 

3.61 

y 

0.04 

A 

60 

55 

42 

3  68b 

B 

61 

49 

36 

3.89 

0.13 

A 

60 

52 

40 

3 . 55b 

K 

B 

60 

50 

44 

3.57 

0.24 

A 

60 

52 

36b 

3 . 62b 

B 

61 

51 

37b 

3.65 

V 

0.50 

A 

60 

51 

38b 

3 . 23b 

B 

61 

52 

36b 

3 . 37b 

0.87 

A 

60 

55 

35b 

3 . 1  ib 

B 

60 

48 

28b 

3 . 03b 

,  J 

1.69 

A 

62 

56 

3b 

2 . 18b 

%< 

B 

60 

56 

2b 

2 . 38b 

V' 

a.  Adapted  from 

Bailey  et 

al.  1985 

■  l  i\" 

b.  Statistically 

significant  at  p 

<0.05. 

■ 

c.  When  tank  was  flooded,  29  fry  were  lost;  later  calculations  based  on  ''  ^ 

control  values  were  corrected  based  on  projections  of  control  values. 
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TABLE  9.  TESTS  ANALYZED  TO  INDICATE  TOXIC  EFFECTS  IN  FATHEAD  MINNOWS 
(Plaephales  promelas )  EXPOSED  TO  2 ,U , 6 -TRINITROTOLUENE® 


Fo  Observations 

Fl  Observations 

Global  Observations 

Egg  survival 

Egg  survival 

FO  90-d  Cumulative  fry 
survival 

30 -d  Fry  survival 

30-d  Fry  survival 

Fo  178-d  Cumulative  fry 
survival 

60-d  Fry  survival 

60-d  Fry  survival 

Fo  60-d  Biomass 

90-d  Fry  survival 

Deformities 

Fl  60-d  Cumulative  fry 
survival 

120 -d  Fry  survival 

30-d  Length 

Fl  60-d  Standing  crop 

150-d  Fry  survival 

30-d  Weight 

Total  survivability  index 

178 -d  Fry  survival 

60-d  Length 

Total  productivity  index 

30- d  Length 

60-d  Length 

90-d  Length 

Fry  deformities 

Breeding  pair  survival 

Spavns  per  pair 

Eggs  per  spawn 

Eggs  per  pair  per  day 
Eggs  per  pair 

60-d  Weight 

a.  Adapted  from  Bailey  et  al .  1985. 
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TABLE  11.  REPRODUCTIVE  PARAMETERS  IN  FATHEAD  MINNOWS  ( Pimephales  promelas) 
AFTER  CHRONIC  EXPOSURE  TO  2  ,  A , 6 -TRINITROTOLUENE® 


Spawning  No.  of  Eggs  P*r 

Test  Pair  Sp«wn*  per  Eft*  per  Egga  per  Pair  per 

Series  Survival  (day)  Pair  Pair  Spawn  Day 


Average  TNT 
Conceetrat ion 
(ag/L) 


TABLE  13.  TOTAL  SURVIVABILITY  AND  PRODUCTIVITY  INDICES 
IN  FATHEAD  MINNOWS  ( Plmephales  promelas )  AFTER 
CHRONIC  EXPOSURE  TO  2 , 4 , 6 -TRINITROTOLUENE® 


Average  TNT 
Concentration 
(mg/L) 

Test 

Series 

Total 

Survivability*5 

Total 

Productivity0 

0 

A 

999 

167 

B 

1880 

345 

0.04 

A 

795 

95 

B 

244 

55 

0.10 

A 

318 

31 

B 

102 

15 

0.25 

A 

419 

64 

B 

458 

75 

0.56 

A 

45 

4 

B 

0 

0 

1.21 

A 

0 

0 

B 

0 

0 

a.  Adapted  from  Bailey  et  al.  1985. 

b.  Total  survivability  is  defined  as  the  product  of  the 
cumulative  Fo  survival  to  180  days,  the  average 
number  of  eggs  per  female,  and  the  cumulative  Fl 
survival  after  60  days  of  exposure. 

c.  Total  productivity  is  defined  as  the  product  of  the 
total  survivability  index  and  the  average  weight  of 
the  Fl  generation  after  60  days  of  exposure. 
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indicated  that  TNT  had  significant  chronic  effects  at  all  concentrations 
tested  (0.04  to  1.21  mg/L) . 

3.3  TOXICITY  TO  PULNTS 

The  majority  of  information  on  the  toxicity  of  TNT  to  aquatic 
plants  deals  with  acute  exposures  of  algal  species.  However,  one  study 
did  report  the  impact  of  TNT  on  the  vascular  plant  species  Lenina  per- 
pusilla  (Schott  and  Worthley  1974) .  This  species  of  duckweed  was 
exposed  to  graded  concentrations  of  TNT  for  11  days  at  two  pH  levels 
(6.3  and  8.5),  and  observations  were  made  of  deaths  or  any  reduction  in 
frond  growth  rate.  As  shown  in  Table  14,  a  level  of  1.0  ppm  resulted  in 
reduced  growth,  and  a  level  of  5.0  ppm  resulted  in  plant  death.  The  pH 
of  the  test  solution  did  not  appear  to  affect  the  toxicity.  These 
levels  were  also  compared  to  the  effect  levels  of  a  widely  used  herbi¬ 
cide,  2 ,4-dichlorophenoxyacetic  acid,  and  were  only  an  order  of  magni¬ 
tude  higher  at  pH  of  6.3. 

Short-term  tests  of  the  toxicity  of  TNT  to  algal  species  were 
evaluated  using  a  variety  of  growth  measurements.  Fitzgerald  et  al. 
(1952)  exposed  cultures  of  Microcystis  aeruginosa  grown  in  125-mL  flasks 
at  22°C  to  TNT  for  24  hrs  and  found  that  a  level  of  8  ppm  resulted  in 
100  percent  mortality.  Gring  (1971)  exposed  cultures  of  Chlainydomonas 
reinhardi  to  TNT  and  stated  that  a  level  of  3.0  Aig/mL  was  "quite  toxic." 
Won  et  al.  (1976)  exposed  cultures  of  Selenastrum  capricornutum  grown  in 
125-mL  flasks  for  7  days  to  concentrations  of  TNT  and  found  that  a  level 
of  2.5  mg/L  reduced  growth  (mean  dry  weight)  and  that  a  level  of  10.0 
mg/L  resulted  in  death.  The  2.5-mg/L  level  also  resulted  in  chlorosis 
and  cells  that  were  ballooned  and  extensively  granulated.  Bringmann  and 
Kuehn  (1980)  tested  Scenedesmus  quadricauda  colonies  for  the  effects  of 
TNT  using  the  cell  multiplication  inhibition  test.  In  this  assay, 
colonies  are  exposed  to  a  series  of  TNT  dilution  concentrations  for  16 
hr  at  27°C,  and  the  effects  are  measured  by  comparing  turbidimetr ic 
values  expressed  by  the  extinction  of  primary  light  of  monochromatic 
radiation  at  578  nm  for  a  10-mm-thick  layer.  The  toxicity  threshold 
generated  was  1.6  mg/L. 

In  longer  term  studies.  Smock  et  al ,  (1976)  tested  cultures  of  M. 
aeruginosa  and  S.  capricornutum  grown  in  500-mL  flasks  for  growth 
effects  over  15  to  17  days  of  exposure  to  1NT.  Effects  on  growth  of  S. 
capricornutum  were  not  seen  at  levels  up  to  3  mg/L,  and  only  an  initial 
decrease  in  growth  (as  compared  with  controls)  occurred  at  5  mg/L  and 
disappeared  after  7  days.  However,  a  permanent  and  significant  decrease 
in  growth  of  S.  capricornutum  occurred  at  levels  of  7  and  9  mg/L.  In 
the  test  of  M.  aeruginosa,  no  effects  on  growth  occurred  at  levels  up  to 
15  mg/L,  temporary  decreases  occurred  at  25  mg/L,  and  permanent 
decreases  occurred  at  50  mg/L.  In  tests  of  both  species,  TNT  concentra¬ 
tions  were  found  to  decrease  by  at  least  the  seventh  day,  indicating 
that  decomposition  to  other  compounds  had  occurred,  which  might  explain 
the  growth  increase  after  7  days  at  the  intermediate  dose  concentra¬ 
tions.  Anatomical  changes  in  the  algal  cells  included  vacuole  and 
sheath  production  which  was  proportional  to  the  TNT  concentrat ions . 
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TABLE  14.  RESPONSE  OF  Lemna  perpusilla  COLONIES 
GROWN  IN  AQUEOUS  MEDIA  FOLLOWING  11 -DAY  EXPOSURE 
TO  2,4,6-TRINITROTOULENE3 


TNT 

(ppm) 

PH 

Average  No. 
of  Fronds*3 

Results0 

50.0 

6.3 

0 

Death 

10.0 

6.3 

0 

Death 

5.0 

6.3 

0 

Death 

1.0 

6.3 

32 

Growth  depressed 

0.5 

6.3 

65 

No  effect 

0.1 

6.3 

73 

No  effect 

0.01 

6.3 

71 

No  effect 

0 

6.3 

71 

Control 

50.0 

8.5 

0 

Death 

10.0 

8.5 

0 

Death 

5.0 

8.5 

0 

Death 

1.0 

8.5 

7 

Growth  depressed 

0.1 

8.5 

35 

No  effect 

0 

8.5 

33 

Control 

a.  Adapted  from  Schott  and  Worthley  1974. 

b.  Each  test  started  with  2  fronds  on  day  0. 

c.  Colonies  growing  at  least  10  percent 
slower  than  controls  were  considered  to 
be  depressed. 


-M3- 


Liu  et  al .  (1983)  studied  the  effects  of  TNT  on  the  species  S. 
capricornutum  (green  algae),  H.  aeruginosa  (bluegreen  algae),  Anabaena 
flos-aquae  ( bluegreen  algae),  and  Navlcula  pelliculosa  (diatom)  using 
the  USEPA  (1971)  bottle  assay  technique.  Effects  were  detected  by 
measuring  cell  concentration,  biomass,  and  chlorophyll  a  concentration 
following  exposure  to  a  series  of  TNT  concentrations  for  14  days.  The 
tests  were  conducted  in  500-mL  flasks  with  100  mL  of  test  solution  at 
24°C  under  "cool-white"  fluorescent  light.  However,  problems  in  the 
test  eventually  led  to  using  only  the  cell  concentration  to  evaluate  the 
impact  of  the  TNT  exposure.  The  predominant  effect  of  TNT  was  popula¬ 
tion  growth  inhibition.  The  lowest  concentrations  at  which  this  effect 
occurred  significantly  were  4.1  mg/L  for  S.  capricornutum  and  H.  aerugi¬ 
nosa,  8.2  mg/L  for  A.  flos-aquae,  and  18  mg/L  for  N.  pelliculosa. 

However,  again  problems  were  encountered  with  the  algal  bottle  assay 
procedures.  The  light  required  for  algal  growth  also  photolyzed  the  TNT 
solution  (e.g.,  dropping  an  initial  concentration  of  20.8  mg/L  to  5.3 
mg/L  by  test  day  14  and  creating  a  brownish-pink  color  indicating  pho¬ 
tolysis)  .  Thus,  Liu  et  al .  concluded  that  the  toxicity  estimates  were 
unreliable;  effects  could  not  be  solely  attributed  to  the  TNT  compound 
because  of  the  possible  formation  of  degradation  compounds.  They  also 
concluded  that  the  bottle  test  is  inappropriate  for  evaluating  the  toxi¬ 
city  of  a  photosensitive  compound  such  as  TNT,  but  unfortunately  a 
satisfactory  replacement  technique  is  not  available. 

A  microcosm  approach  to  the  longer-term  exposure  to  TNT  using  the 
zooplankton  Daphnia  magna ,  the  benthic  oligochaete  Lumbriculus  variega- 
tus ,  and  the  alga  S.  capricornutum  was  performed  by  Bailey  (1982).  An 
interactive  community  of  these  species  was  attained  in  aerated  3-L  Jars 
containing  10,000  to  15,000  algal  cells/mL,  15  daphnids,  and  30  worms 
for  21  days.  TNT  solutions  were  added  to  the  systems  to  produce  dupli¬ 
cate  exposures  of  all  concentrations  (0,  0.6,  1.0,  5.6,  10.0,  and  24.0 
mg/L) .  The  concentrations  were  sampled  at  least  daily  and  analyzed  with 
high-pressure  liquid  chromatography  to  detect  any  degradation  or  reduc¬ 
tion  of  TNT  exposures.  Observations  of  algal  densities  were  made  every 
3  days  during  the  21-day  exposure.  The  TNT  levels  in  the  jars  decreased 
with  time  in  proportion  to  the  initial  concentrations.  The  algal  densi¬ 
ties  at  TNT  levels  of  5.6  mg/L  and  higher  were  decreased  during  the  test 
period.  Densities  at  1.0  mg/L  initially  declined  but  gradually 
increased  by  the  end  of  the  test  period.  The  two  tests  at  0.6  mg/L  dif¬ 
fered  quite  sharply  in  their  response,  with  the  result  that  the  mean 
value  showed  no  difference  from  the  control  values.  Bailey  felt  that 
this  might  indicate  that  the  threshold  level  is  very  close  to  the  0.6 
mg/L  concentration.  Although  this  was  a  21-day  test,  due  to  its  static 
design  and  lack  of  stable  TNT  concentrations,  it  could  not  be  considered 
an  extensive  evaluation  of  the  chronic  effects  of  TNT  on  algae. 

Putnam  et  al.  (1981)  evaluated  the  effects  of  wastewater  effluents, 
including  TNT  and  its  degradation  products,  on  the  periphvton  communi¬ 
ties  downstream  from  VAAP.  They  looked  at  cell  densities,  biomass 
estimates,  and  community  structure  in  two  reservoir  bays  (one  downstream 
from  VAAP  and  one  reference  bay)  by  using  artificial  substrates  and 
correlating  the  data  with  sediment  and  water  column  concentrations  of 
total  munition  compounds.  Thcv  found  biomass  and  population  size  varied 


inversely  with  VAAP  waste  concentrations.  The  effects  included 
decreased  population  size  near  VAAP  (27  org&nisms/mrn^  vs  37,367 
organisms/mm^ )  and  lower  numbers  of  species  (22  vs  52)  at  station  2 
(0.25  km  down  bay)  and  station  6  (1.25  km  down  bay),  respectively.  The 
population  density  was  significantly  different  at  stations  1  to  5  in 
comparison  with  stations  6  to  12.  The  overall  pattern  of  effects  on 
periphyton  indicated  toxicity  at  the  bayhead  followed  by  biological 
stimulation  downstream.  Putnam  et  al.  found  no  effects  on  periphyton  at 
total  munition  concentrations  of  25  jig/L  but  definite  effects  at  average 
total  munition  concentrations  of  575  jig/L  (with  a  peak  of  2,370  /ig/L) . 
However,  due  to  the  variety  of  compounds  present,  no  direct  correlation 
with  TNT  concentrations  alone  was  determined. 


3.4  BIOACCUMULATION 

The  bioconcentration  potential  of  TNT  was  evaluated  by  Liu  et  al. 
(1983)  using  l^C-labelled  TNT.  The  tests  were  performed  for  96  hr  under 
static  exposure  conditions  at  20°C  with  the  amount  of  l^C-TNT  measured 
at  the  end  of  the  exposure.  Three  Lepomis  macrochirus  were  exposed  in 
10*L  containers,  50  Lumbriculus  variegaCus  were  exposed  in  2-L  con¬ 
tainers,  100  Dapnnia  magna  were  exposed  in  2-L  containers,  and  10,000 
algal  cells  of  Selenascrun:  capricornutum  were  exposed  in  100  mL  of  solu¬ 
tion  in  a  500-mL  beaker.  Tt-.e  TNT  was  dissolved  in  dimethyl  sulfoxide 
(DMSO)  with  0.5  mg  of  TNT  and  0.2  nd  of  radioactivity  in  the  test  solu¬ 
tion.  Following  the  96-hr  exposure  period,  the  invertebrates  and  algae 
were  filtered  and  weighed,  while  tissue  samples  (muscle  and  viscera) 
were  removed  from  the  fish  and  weighed.  The  samples  were  then  solubi¬ 
lized  in  Unisol,  and  1  mL  was  counted  for  10  minutes  in  a  liquid  scin¬ 
tillation  counter  equipped  with  an  automatic  background  subtractor.  The 
4-day  bioconcentration  factor  (BCF)  was  calculated  by  dividing  the 
average  amount  of  radioactivity  found  in  the  biological  samples  by  the 
amount  in  the  test  water.  For  the  intact  organisms,  the  BCFs  ranged 
from  200  to  450,  with  the  highest  BCF  occurring  in  the  algae(  Table  15). 
Based  on  tissue  samples  in  L.  macrochirus ,  the  BCFs  were  338  for  viscera 
and  9.5  for  muscle.  The  large  difference  in  these  values  was  attributed 
to  the  metabolism  of  TNT  in  the  liver  included  in  the  viscera  sample. 

The  BCF  values  obtained  in  this  study  are  not  very  useful  because  they 
represent  only  one  point  on  the  uptake  curve  (rather  than  a  steady-state 
value)  and  no  difference  was  made  between  the  radioactivity  of  TNT  and 
its  metabolic  products.  Recognizing  this  shortcoming,  Liu  et  al.  (1983) 
also  calculated  the  octanol-water  partition  coefficient  using  the 
methods  of  Hansch  et  al .  (1973)  and  Leo  (1976)  as  an  index  of  the  proba¬ 
bility  of  bioconcentration.  A  value  of  2.03  was  calculated  for  Log  P, 
which  does  not  indicate  a  high  likelihood  of  bioconcentration  because 
chemicals  with  values  below  3.0  are  not  considered  to  bioconcentrate 
extensively.  Taking  this  further,  Liu  et  al.  used  the  direct  rela¬ 
tionship  indicated  between  log  P  and  the  steady-state  BCF  developed  bv 
Veith  and  coworkers  (1978).  Based  on  their  equation,  a  steadv-state  BCF 
for  TNT  was  estimated  to  be  20.5,  which  indicates  only  a  low  potential 
for  bioconcentration  based  on  the  guidelines  of  Cairns  and  Dickson 
(1978). 


TABLE  15.  CONCENTRATION  OF  2 , A , 6  -  TRINITROTOLUENE 
IN  SELECTED  AQUATIC  ORGANISMS  AFTER 
96  hr  OF  EXPOSURE3 


Organism 

Average  Amount  of 
Radioactivity  Recovered'3 

Waterc 

Tissue 

4 -Day  BCFd 

Selenastrum  capricornuCum 

356 

161,162 

453.0 

Daphnia  magna 

519 

108,643 

209.0 

Lumbriculus  variegatus 

4  50 

91,092 

202.0 

Lepomis  macrochiras 

Viscera 

453 

153,017 

338.0 

Muscle 

453 

4,301 

9.5 

a.  Adapted  from  Liu  et  al .  1983. 

b.  Disintegrations  per  minute  per  gram. 

c.  At  begining  of  test. 

d.  BCF  -  bioconcentration  factor  is  the  average  amount  of 
radioactivity  in  tissue/the  average  amount  of  radio¬ 
activity  in  water. 
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The  bioconcentration  and  distribution  of  TNT  by  four  species  was 
investigated  by  Xu  and  Chen  (1983)  using  an  aquatic  microcosm.  Tilapia 
nossambica,  Belbamya  purificata,  Pislia  stratioces  and  Anlirrhinum  majus 
were  exposed  to  labelled  TNT,  and  the  resulting  calculated  biocon¬ 
centration  values  (based  on  dry  wt.)  were  210,  171,  1165-1415,  and 
1623-2030,  respectively.  In  fish,  the  highest  concentrations  of 
radioactivity  were  found  in  the  gills,  with  progressively  less  in  the 
viscera,  muscle,  and  bone.  The  amount  of  radioactivity  contained  in  the 
microcosm  indicated  a  decline  in  TNT  concentration  from  10  to  3.49  ppm 
30  days  after  the  exposures. 


3.5  SUMMARY 

Studies  of  the  acute  toxicity  of  TNT  to  aquatic  organisms  indicate 
that  LC50  values  range  from  5.2  to  27.0  mg/L  for  invertebrates  in  48-hr 
static  tests  and  from  0.8  to  3.7  mg/L  for  fish  in  96-hr  static  tests. 

In  96-hr  flow-through  tests,  the  LC50  values  were  2.0  to  3.3  mg/L  for 
fish.  Evaluations  of  factors  that  might  affect  the  acute  toxicity  of 
TNT  indicate  that  water  hardness  is  not  a  significant  factor,  but  toxi¬ 
city  decreases  slightly  with  increasing  pH,  temperature,  and  photodegra¬ 
dation.  Using  the  incipient  LC50 ,  a  more  sensitive  measure  of  toxicity, 
values  of  0.19  to  13.9  mg/L  were  found  for  invertebrates,  and  values  of 
1.4  to  1.9  mg/L  were  found  for  fish  species. 

Data  on  the  chronic  effects  of  TNT  included  an  environmental  survey 
of  an  Army  Ammunition  Plant  which  produced  TNT  as  well  as  several 
laboratory  studies.  Wastewater  effluent  produced  effects  on  macroinver¬ 
tebrate  species  numbers,  diversity,  and  density  in  a  reservoir  bay  down¬ 
stream  from  Volunteer  AAP .  Total  munition  concentrations  (including 
TNT)  of  0.025  mg/L  produced  no  effects  on  macroinvertebrate  communities, 
but  definite  effects  were  noted  at  0.150  to  0.600  mg/L  with  a  suggested 
minimal  effect  level  of  0.050  to  0.100  mg/L.  No  direct  correlation 
between  TNT  and  macroinvertebrate  population  dynamics  could  be  made.  A 
laboratory  microcosm  study  using  daphnid  zooplankton,  worms,  and  algae 
exposed  statically  to  TNT  for  21  days  produced  significant  reductions  in 
total  numbers  of  daphnids  and  worms  at  levels  of  >5.6  mg/L.  A  28 -day 
study  of  effects  on  daphnids  exposed  in  flow-through  conditions  to  TNT 
levels  of  0.03  to  1.03  mg/L  produced  no  significant  effects  on  survival 
or  reproduction.  Some  transitory  effects  (at  test  days  14  and  21)  in 
lower  numbers  of  young  produced  per  female  at  1.03  mg/L  might  be  biolog¬ 
ically  significant  because  of  the  shorter  lifespan  of  daphnids  in  the 
real  world  environment.  Chronic  studies  of  early  life  stages  of  three 
fish  species  exposed  to  TNT  in  flow-through  conditions  for  30  to  60  days 
(post-hatch)  measured  a  variety  of  toxic  impacts.  In  60-day  studies  of 
trout  eggs  and  fry,  levels  of  0.24  to  1.69  mg/L  significantly  reduced 
fry  survival,  while  levels  of  0.40  to  0.50  mg/L  significantly  reduced 
total  length  and  weight  of  fry.  A  three-generation  study  of  fathead 
minnows  conducted  under  flow-through  conditions  indicated  significant 
effects  based  on  reproductive  and  growth  indices.  Concentrations  of 
0.04  to  1.21  mg/L  TNT  reduced  fry  growth,  lowered  hatching  rates, 
lowered  survival,  and  affected  the  later  generations  more  severely  than 
the  parent  generation. 
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Toxic  effects  of  TNT  on  plants  were  shown  in  studies  on  algae  and 
duckweed  species.  A  level  of  1.0  ppm  reduced  growth,  and  a  level  of  5.0 
ppm  produced  death  in  duckweed  after  11  days  of  exposure.  Studies  in 
several  algal  species  indicated  concentrations  of  2.5  to  9.0  mg/L  re¬ 
duced  growth  and  concentrations  of  8  to  10  mg/L  resulted  in  death.  In  a 
21-day  microcosm  study,  concentrations  of  5.6  mg/L  significantly  reduced 
algal  growth,  while  concentrations  of  0.6  to  1.0  mg/L  indicated  transi¬ 
tory  or  initial  effects  on  growth.  The  0.6-mg/L  concentration  may  be 
close  to  the  threshold  level  for  the  alga  used  in  this  study.  However, 
actual  TNT  concentrations  were  altered  by  photolysis,  and  effects  may 
also  be  due  to  break-down  products. 

Bioconcentration  Factors  (BCFs)  calculated  from  data  for  TNT  were 
9.5  and  338  for  muscle  and  viscera,  respectively,  of  bluegills.  These 
values  were  point  estimates  from  the  uptake  curve  and  are  not  highly 
reliable.  Other  BCF  estimates  included  210  to  2030  for  four,  non-native 
fish  species  and  a  calculated  BCF  value  of  20.5  (based  on  the  octanol- 
water  partition  coefficient).  The  general  consensus  is  that  TNT  will 
not  highly  bioconcentrate  according  to  guidelines  of  Cairns  and  Dickson 
(1978). 
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4.  MAMMALIAN  TOXICOLOGY  AND  HUMAN  HEALTH  EFFECTS 

4 . 1  PHARMACOKINECTICS 

Trinitrotoluene  is  absorbed  by  humans  and  test  animals  through  the 
skin,  by  ingestion,  and  by  inhalation  (Voegtlin  et  al .  1921-22;  Zakhari 
et  al ,  1978).  Early  studies  indicated  that  TNT  applied  to  the  shaved 
backs  of  pigs  (2  g  in  a  gauze  bandage)  or  to  the  palms  of  two  humans 
(500  mg  in  rubber  gloves)  resulted  in  the  presence  of  2 , 6-dinitro-4- 
aminotoluene  (a  metabolite  of  TNT)  in  the  urine  over  the  following  15  hr 
to  8  days  (Neal  et  al .  1944,  as  cited  in  Zakhari  et  al .  1978).  Absorp¬ 
tion  of  TNT  from  the  gastrointestinal  (GI)  tract  of  humans  was  also 
reported  by  Horecker  and  Snyder  (1944,  as  cited  in  Zakhari  et  al .  1978), 
who  gave  two  humans  daily  doses  of  1  mg/kg  for  4  days.  Again  the 
presence  of  2 , 6-dinitro-4-aminotoluene  in  the  urine,  representing  3  per¬ 
cent  of  the  TNT  dose,  was  used  to  indicate  absorption.  Von  Oettingen  et 
al.  (1944,  as  cited  in  Zakhari  et  al .  1978)  demonstrated  that  75  percent 
of  a  daily  TNT  dose  of  25  to  50  mg/kg  blown  into  the  respiratory  tract 
of  dogs  was  absorbed.  More  recent  studies  (Hodgson  et  al .  1977;  Ellis 
et  al .  1980;  El-Hawari  et  al .  1981)  using  ^-^C- labelled  TNT  confirm  these 
earlier  findings  and  indicate  that  the  amount  absorbed  varies  among  dif¬ 
ferent  routes  and  test  species  (Tables  16,  17.  18).  Absorption  was 
slower  by  the  dermal  route  than  by  the  intratracheal  and  oral  routes 
(El-Hawari  et  al .  1981).  Intratracheal  administration  of  l^C-TNT  in 
rats  produced  rapid,  uniform  absorption  with  high  urine,  bile,  Gl  tract, 
and  blood  levels  after  4  hr  (Table  18).  Radioactivity  levels  following 
intratracheal  administration  were  higher  in  all  organs  except  in  the  Gl 
tract  than  levels  following  oral  administration. 

Following  oral  administration,  1^*C-TNT  is  distributed  at  low  levels 
throughout  the  body  (Ellis  et  al.  1980)  and  is  found  at  highest  levels 
in  the  GI  tract,  with  less  than  1  percent  found  in  liver,  kidneys,  and 
blood  (Table  16).  Following  dermal  administration,  muscle  tissue  con¬ 
tained  higher  levels  of  l^C-TNT  than  after  oral  administration,  but  the 
levels  in  the  liver  and  kidneys  were  slightly  lower  (El-Hawari  et  al. 
1981).  With  intratracheal  administration,  similar  tissues  were  involved 
(Table  18),  but  14C-TNT  generally  was  found  at  higher  concentrations  in 
all  organs  with  less  (13  to  20  percent)  excreted  in  urine.  Also,  more 
radioactivity  was  found  in  bile  and  much  less  in  the  Gl  tract  than  after 
oral  administration.  At  24  hr,  regardless  of  route,  the  majority  of 
radioactivity  was  found  in  the  urine  and  feces  in  all  species.  Although 
experiments  were  not  extended  beyond  24  hr,  there  is  an  indication  that 
retention  of  ^C-TNT  is  not  extensive  (El-Hawari  et  al.  1981).  This 
conclusion  is  supported  by  an  abstracted  report  of  a  Russian  kinetic 
study  which  showed  no  accumulative  effect  in  organs  of  rats  after  intra- 
peritoneal  (IP)  administration  of  0.2  to  4  mg/kg  l^C-TNT  (Dymova  et  al . 
1984). 

As  indicated  by  the  distribution  data,  the  primary  route  of  excre¬ 
tion  is  the  urine.  Hodgson  et  al.  (1977)  reported  that  45  to  70  percent 
of  the  radioactivity  of  an  orally  administered  ^C-TNT  dose  appeared  in 
the  urine  of  four  species  within  24  hr  (Table  16),  with  females 


TABLE  16.  DISTRIBUTION  AND  EXCRETION  OF  RADIOACTIVITY  24  hr  AFTER 
ORAL  ADMINISTRATION  OF  14C- 2 .4 , 6 -TRINITROTOLUENE3 
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TABLE  18.  DISTRIBUTION  AND  EXCRETION  OF  RADIOACTIVITY 


4  hr  AFTER  ORAL  AND  INTRATRACHEAL  ADMINISTRATION  OF 
14C -2,4 ,6 -TRINITROTOLUENE  TO  RATSa 

Tissue 

or 

Sample 

Percent  of  Administered  Dose*5 

Intratracheal 

Oral 

Male 

Female 

Male 

Female 

GI  Tract 

18.2 

12.1 

73.7 

79.0 

(No  Bile) 

Bile 

19.8 

14.5 

11.6 

9.7 

Urine 

19.3 

13.2 

14.6 

10.0 

Bloodc 

2.2 

4.3 

1.3 

2.8 

Spleen 

<0.1 

<0.1 

0.01 

0.01 

Liver 

1.1 

1.1 

1.0 

0.8 

Kidney 

0.4 

0.5 

0.2 

0.4 

Brain 

<0.1 

0.3 

<0.1 

0.1 

Lung 

0.3 

0.3 

0.4 

0.3 

Muscle^ 

3.9 

8.4 

2.0 

4.6 

Recovered6 

47.1 

45.0 

a.  Adapted  from  El-Hawari  et  al .  1981. 

b.  Dose  was  50  mg/kg. 

c.  Based  on  7  percent  of  body  weight. 

d.  Based  on  40  percent  of  body  weight. 

e.  Fat  and  skin  are  not  included  in  recovery 


excreting  slightly  more.  Because  of  the  low  water  solubility  of  TNT, 
this  radioactivity  probably  represents  metabolic  products.  Fecal  elim¬ 
ination  in  this  study  accounted  for  2  to  40  percent  of  radioactivity, 
but  no  evidence  for  elimination  via  exhalation  of  C02  was  found.  In 
another  oral  exposure  study  in  rats,  Ellis  et  al.  (1980)  reported  only 
negligible  radioactivity  (<0.1  percent)  in  exhaled  C02 .  Patterns  of 
elimination  similar  to  those  of  oral  exposures  were  found  for  dermal  and 
intratracheal  studies  (El-Hawari  et  al.  1981).  Because  of  high  amounts 
of  radioactivity  in  the  GI  tract  of  intratracheally  exposed  rats,  bile- 
duct  cannulated  rats  were  studied  (Table  19) .  This  study  revealed  that 
more  radioactivity  was  released  in  the  bile  than  in  the  urine  in  rats 
exposed  intratracheally  as  compared  to  rat3  exposed  orally  (El-Hawari  et 
al.  1981).  Non-cannulated  rats  excreted  more  radioactivity  in  urine 
than  in  bile-duct  cannulated  rats.  After  oral  dosing,  radioactivity 
recovered  in  the  GI  tract  represents  a  balance  between  absorption, 
excretion  in  bile,  and  intestinal  reabsorption.  After  intratracheal 
dosing,  the  radioactivity  represents  the  difference  between  biliary 
excretion  and  intestinal  reabsorption  with  only  a  small  portion  of  the 
dose  appearing  to  be  excreted  through  the  intestinal  wall.  This  sug¬ 
gests  an  enterohepatic  recycling  of  TNT  and  its  metabolites  (biliary 
excretion  followed  by  intestinal  absorption  and  final  elimination  in 
feces  or  urine)  (El-Hawari  et  al.  1981). 

Studies  of  the  metabolism  of  TNT  have  indicated  potential  pathways 
and  metabolic  products,  particularly  products  found  in  urine.  Table  20 
lists  some  metabolic  products  identified  in  human  and  animal  studies, 
and  Figure  3  shows  some  of  the  potential  metabolic  pathways  that  could 
result  in  the  formation  of  some  of  these  products.  Due  to  the  four 
functional  groups  on  the  TNT  molecule,  several  metabolic  reactions  are 
possible  (El-Hawari  et  al.  1981).  These  include  (1)  oxidation  of  the 
methyl  group  to  alcohol,  aldehyde,  or  acid;  (2)  reduction  of  nitro 
groups  to  amino  or  hydroxylamino  compounds  (with  the  possible  coupling 
of  these  metabolites);  (3)  oxidation  of  the  benzene  ring  to  phenols;  and 
(4)  conjugation  of  these  product  compounds  (acids,  amines,  alcohols, 
etc.)  to  yield  glucuronidcs ,  ethereal  sulfates,  substituted  hippuric 
acid,  or  glutathione  conjugates  (El-Hawari  et  al.  1981).  The  first  two 
reactions  are  considered  the  primary  metabolic  pathways  by  Ellis  et  al. 
(1980).  The  conjugation  to  form  glucuronides  is  also  an  important  part 
of  TNT  metabolism,  and  excretion  of  major  portions  of  TNT  metabolites 
occurs  as  glucuronide  conjugates  (El-Hawari  et  al.  1981).  The  liver  is 
the  primary  site  for  this  metabolic  and  detoxification  activity  (Zakhari 
et  al.  1978;  El-Hawari  et  al.  1981).  Further  reductive  metabolism  of 
TNT  and  its  metabolites  may  occur  in  the  intestine  by  intestinal  micro¬ 
flora  (Scheline  1973). 


4.2  ACUTE  TOXICITY 

The  acute  toxicity  of  TNT  has  been  reported  from  laboratory  tests 
in  animals.  The  reported  oral  LDsos  of  TNT  in  test  animel.-  range  from 
660  mg/kg  in  mice  to  3190  mg/kg  in  rats  (Table  21),  with  most  values  in 
the  800-  to  1000-mg/kg  range.  Acute  effects  after  dosing  in  rats  and 
mice  centered  on  nervous  system  disturbances  with  inactivity,  tremors, 
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TABLE  19.  RECOVERY  OF  RADIOACTIVITY  IN  RATS  4  hr 
AFTER  ORAL  OR  INTRATRACHEAL  ADMINISTRATION  OF 
14C- 2 , 4 , 6 -TRINITROTOLUENEa 


Tissue  Percent  of  Administered  Dose*3 

or  _ Oral _  Intratracheal 

Sample  Male  Female  Male  Female 


Intact : 


Cl  Tract 

73. 

70 

79, 

18. 

24 

12. 

,06 

Urine 

14, 

,63 

10, 

.01 

19. 

,  32 

13 

.23 

Blood 

1 

,34 

2, 

.78 

2. 

.24 

4 

.29 

Tissue 

3 

,60 

6. 

.  12 

5. 

,80 

10, 

.6 

Recovered 

93.27 

97.93 

45.60 

40.16 

Bile-Duct  Cannulated : 

GI  Tract 

68.29 

64.22 

1.79 

2.92 

Urine 

10.73 

8.42 

17.50 

12.68 

Blood 

1.34 

2.78 

2.24 

4.29 

Tissue 

3.60 

6.12 

5.80 

10.58 

Bile 

11.57 

9.67 

19.75 

14.51 

5 


TABLE  20.  METABOLITES  OF  2,4,6-TRINITROTOLUENE 


Species 

Metabolite 

Human 

Rabbit 

Rat 

Pig 

Liver 

Bacteria 

2 -Amino -4 , 6 -dinitro toluene 

xa 

4-Amino-2 ,6-dinitrotoluene 

Xb  * c 

Xd 

Xb  > e 

xf 

xa-g 

6 -Amino -2 ,4-dinitrotoluene 

Xb 

xd 

Xe 

2 ,4-Diamino-6-nitrotoluene 

Xc 

Xb  • e 

xg 

2 ,6-Diamino-4-nitrotoluene 

xe 

4 ,6 -Diamino- 2 -nitro toluene 

xh 

xb 

Unspecified  diaminomononitro- 
toluene 

Xa 

2- Hydroxy lamino-4 , 6-dinitro- 
toluene 

Xi 

Xi 

4-Hydroxylamino-2 ,6-dinitro¬ 
toluene 

Xb 

xd 

Xa 

2,2'  ,6,6' -Tetranitro-4 ,4' - 
azoxytoluene 

Xd 

Xa 

2,2'  .4,4' -Tetranitro-6 , 6 ' - 
azoxytoluene 

xa 

3 , 5-Diaminonitrobenzene 

xb 

2 ,4 , 6-Trinitrobenzyl  alcohol 

Xi 

Xi 

2 ,4 , 6-Trinitrobenzoic  acid 

Xi 

Xi 

Amlnonitrocresols 

Xb 

Xb 

Glucuronides 

Xd 

xe 

Succinic  acid  +  animino  acids 

xg 

Nitrite,  nitrate  ions 

xa 

a.  Won  et  al.  1974. 

b.  Lemberg  and  Callaghan  1944. 

c.  Horecker  and  Snyder  1944,  a1;  reviewed  in  Zakhari  et  al .  1978. 

d.  Channon  et  al.  1944. 

e.  El-Hawari  et  al .  1978. 

f.  Buedding  and  Jolliffe  1946. 

g.  Fowler  1965,  as  reviewed  in  Dacre  and  Rosenblatt  1974. 

h.  El-Hawari  et  al.  1981. 

i.  Cited  in  Rosenblatt  1980;  may  be  formed  in  one  or  both  species. 


OflNL  OwQ  67-13401 


CM^OH 


CHfOH  COOH 


Figure  3.  Possible  degradation  pathway  for  2 , 4 , 6- 2 ,4 , 6-Tr initrotoluene . 
Source:  El-Hawari  et  al .  1981 


(I)  4-Hydroxylamino-2-6-ditnitrotoluene 

(II)  2 -Hydroxy  lamir.o- 4  ,  6 -  din it ro toluene 

(III)  4-Amino-2 , 6 -dlnitrotoluene 

(IV)  2-Amino-4,6-dinitrotoluene 

(V)  4 , 6-Diamino-2-nitrotoluene 

(VI)  2 ,6-Dlamino-4-nitrotoluene 

(VII )  2,6,2' ,6' -Tetranitro-4 , 4 ' -azoxy toluene 

(VIII)  2 ,4,6-Trinitrobenzylalcohol 

(IX)  Trinitrobenzoic  acid 

(X)  4 -Amino -2 , 6 -dinitrobenzylalcohol 

(XI)  2 ,4-Diamino-6-nitrobenzylalcohol 

(XII)  2 ,4-Diamino-6-nitrobenzoic  acid 

(XIII )  5 • Nitro-m-phenylenediamine 

(XIV)  4- Amino -2, 6-dinit ro-m-cre sol 
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TABLE  21.  ORAL  LD50  STUDIES3  OF  2 , 4 , 6 -TRINITROTOLUENE 


Test 

Material 

Test 

Species 

Sexb 

LD50 

Valuec 

Confidence 

Limits^ 

Reference 

TNTe 

Rat 

M 

1014±41f 

922-1108 

Lee  et  al .  1975 

TNT 

Rat 

F 

820±32 

747-889 

Lee  et  al .  1975 

TNT 

Rat 

NGS 

3190 

NG 

Vasilenko  and 
Kovalenko  1976 

TNT 

Rat 

M 

1320 

955-1824 

Dilley  et  al .  1978 

TNT 

Rat 

F 

794 

602-1047 

Dilley  et  al .  1978 

TNT 

Mouse 

M 

1014±52 

905-1163 

Lee  et  al .  1975 

TNT 

Mouse 

F 

1009±54 

880-1117 

Lee  et  al .  1975 

TNT 

Mouse 

NG 

680 

NG 

Vasilenko  and 
Kovalenko  1976 

TNT 

Mouse 

M+F 

830 

761-905 

Newell  et  al .  1976 

TNT 

Mouse 

M 

660 

534-831 

Dilley  et  al.  1978 

TNT 

Mouse 

F 

660 

574-758 

Dilley  et  al.  1978 

TNT 

Rabbit 

NG 

940 

NG 

Vasilenko  and 
Kovalenko  1976 

LAPh 

Mouse 

M+F 

1300 

110-1500 

Newell  et  al .  1976 

SCW1 

Mouse 

M+F 

250 

180-340 

Newell  et  al .  1976 

a.  In  these  studies,  oral  dosing  was  by  gastric  inturbation  with  test 
material  suspended  in  corn  or  peanut  oil.  Animals  were  fasted  for 
16  hours  before  testing  and  observed  for  14  days  post-treatment. 


b.  M  -  male  and  F  -  female. 

c.  LD50  values  are  given  in  mg/kg. 

d.  Confidence  limits  are  95  percent. 

e.  TNT  -  test  material  was  99  percent  pure  q - trinitrotoluene . 

f.  Plus  or  minus  the  standard  error. 

g.  NG  -  not  given. 

h.  LAP  »  pink  water  taken  from  load,  assemble,  and  pack  areas  of  Joliet  Army 
Ammunition  Plant  which  contained  125.5  ppm  of  TNT  and  30  ppm  of  RDX. 

i.  SCW  -  synthetic  condensation  water  which  was  generated  to  simulate 
actual  wastewater  by  irradiating  pure  TNT  in  water  thus  producing  a 
range  of  photodegradation  products. 


a 

* 
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and  seizures  followed  by  death  as  the  roost  conunon  effects  (Dilley  et  al. 
1978).  Respiratory  inhibition,  cyanosis,  and  red  urine  were  also  noted. 
If  the  animals  survived  several  hours  after  dosing,  they  usually  lived 
the  entire  14-day  observation  period  showing  more  aggressive  behavior 
but  no  gross  pathological  effects.  Early  studies  also  indicated  anemia 
and  some  gross  liver  damage  in  guinea  pigs,  rabbits,  and  cats  (Veiling 
1943;  Bredow  and  Jung  1942;  Haythorn  1920,  all  as  cited  in  Zakhari  et 
al.  1978). 

Studies  of  the  effects  of  a  single  100-mg/kg  IP  injection  of  TNT  in 
male  rats  indicated  that  enzymatic  changes  and  morphological  changes  in 
liver,  brain,  and  kidney  tissue  occurred  (Zitting  et  al.  1982).  Enzyma¬ 
tic  effects  included  increased  uridine  diphosphate-glucuronosyltrans- 
ferase  activity  in  liver  and  kidneys,  increased  renal  epoxide  hydrolase 
activity,  decreased  succinate  dehydrogenase  activity  in  the  brain,  and 
increased  concentration  of  reduced  glutathione.  Morphological  damage 
was  more  prominent  in  the  brain  and  kidneys  than  in  the  liver.  Effects 
on  the  brain  tissue  included  chromatin  clumping  in  nuclei  of  neurons, 
swelling  of  cytoplasm  in  neurons  and  gli.  1  cells,  damaged  mitochondria, 
and  dilatation  of  Golgi  apparatus.  In  the  livnr,  the  effects  were  limi¬ 
ted  to  vacuolization  of  smooth  endoplastic  . at  culum,  hypertrophy  and 
elongation  of  mitochondria,  and  lipid  accumui’  ion  in  hepatocytes.  More 
prominent  effects  seen  in  the  kidneys  were  increased  lipid  material  and 
lysomes  in  epithelial  cells  of  proximal  tubuli,  clumping  of  nuclear 
chromatin  in  epithelial  cells,  and  swollen  mitochondria.  The  effects 
indicate  that  peroxidation  may  be  the  biochemical  cause  of  the  TNT  toxi¬ 
city  in  this  study.  A  similar  study  by  Tenhunen  et  al.  (1984)  indicated 
additional  enzymatic  effects  on  the  mitochondrial  membranes.  Following 
a  100-mg/kg  IP  injection  in  rats,  reticulocyte  6 -aminolevulinic  acid 
synthetase  decreased,  liver  heme  synthetase  activity  decreased,  and 
liver  heme  oxygenase  activity  increased. 


4.3  NONCARCINOCENIC  CHRONIC  TOXICITY 
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4.3.1  Human  Studies 

A  large  literature  base,  which  documents  the  effects  of  occupa¬ 
tional  exposure  to  TNT  on  humans,  is  available.  Many  of  these  studies 
began  during  and  following  TNT  production  for  the  two  World  Wars.  The 
primary  effects  noted  in  these  reports  are  jaundice  with  toxic  hepatitis 
and  aplastic  anemia  (Table  22).  These  effects  can  occur  separately  or 
together  and  can  be  fatal.  The  amount  of  TNT  and  the  length  of  exposure 
required  to  produce  significant  effects  varied  in  the  studies,  and  the 
severity  of  effects  appeared  to  be  more  a  factor  of  individual  suscepti¬ 
bility.  Other  effects  detected  in  occupational  exposure  studies  inclu¬ 
ded  gastrointestinal  disruptions  (McConnell  and  Flinn  1946;  Kleiner  and 
Stovpisvskaya  1981),  hemolytic  anemia  (Crawford  1954,  Djerassi  and 
Vitany  1975),  contact  dermatitis  (Goh  and  Rajan  1983;  Coh  1984),  and 
cataracts  (Hassman  1979)  . 
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Voegtlin  et  al.  (L921-1922)  found  a  range  in  the  severity  of  anemic 
responses  (Table  22)  to  TNT  that  occurred  in  over  75  percent  of  the 
workers  examined.  These  responses  were  not  related  to  sex,  age,  length 
of  exposure,  or  to  occurrence  of  other  clinical  signs  of  TNT  intoxica¬ 
tion  (e.g.,  cyanosis  and  pallor).  Voegtlin  stressed  the  need  to  rely  on 
the  hemoglobin  estimation,  because  after  exposure  red  blood  cell  counts 
are  often  normal  or  above  normal,  due  to  fragmentation. 

Stewart  et  al .  (1945)  reported  on  the  early  hematological  effects 
of  TNT  exposure  on  student  workers.  They  found  the  same  general  pattern 
of  effects  at  all  levels  with  the  greatest  changes  at  the  highest  expo¬ 
sure  level  (Table  22);  individual  variation  in  degree  of  response 
occurred.  There  was  little  indication  of  hepatic  damage  and  Stewart  et 
al .  speculated  that  the  development  of  liver  damage  from  TNT  required  a 
longer  exposure  period  chan  did  development  of  hematological  effects. 

The  hematological  changes  (Table  22)  were  attributed  to  increased  hemo¬ 
lysis  and  compensation  attempts  by  the  bone  marrow.  With  continued 
exposure,  tolerance  probably  develops  in  most  individuals;  if  this  does 
not  occur,  the  progressive  destruction  of  circulating  erythrocytes  and 
toxic  assault  on  the  bone  marrow  tissue  could  lead  to  aplastic  anemia 
(Stewart  et  al.  1945). 

The  reports  by  Sievers  et  al .  (1946)  and  McConnell  and  Flinn  (1946) 
both  present  case  histories  of  workers  with  aplastic  anemia  or  liver 
damage  (Table  22)  usually  resulting  in  death  (24  of  25).  In  the  cases 
described  by  Sievers  et  al.,  hematological  changes  typical  of  anemia 
were  first  apparent  and  later  developed  into  aplastic  anemia.  These 
were  confirmed  by  bone  marrow  analysis  showing  destruction  of  marrow 
cells.  In  only  one  case  was  toxic  damage  to  the  liver  a  significant 
factor.  In  their  summary  of  case  histories,  McConnell  and  Flinn  (1946) 
Indicate  that  a  rapid  reduction  in  numbers  of  red  blood  cells  and  in 
hemoglobin  are  the  primary  initial  effects  noted  in  the  aplastic  anemia 
cases.  This  diagnosis  was  later  confirmed  by  hypo-  or  aplastic 
appearance  of  the  bone  marrow.  Based  on  their  small  sample  size,  the 
authors  stated  that  fatal  aplastic  anemia  rather  than  fatal  hepatitis 
occurred  in  older  individuals  and  individuals  with  longer  exposure 
periods.  In  addition  to  the  reports  summarized  in  Table  22,  several 
other  reports  describe  hematological  effects  from  exposure  to  TNT  and 
are  reviewed  below. 
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Crawford  (1954)  reviewed  27  cases  of  aplastic  anemia  and  15  fatali¬ 
ties  from  TNT  exposure  in  the  United  Kingdom  during  1939  to  1943  (Table 
23).  The  effects  of  TNT  exposure  on  the  blood  system  are  variable  and 
may  include  hemolysis  of  red  cells  in  the  blood  stream,  destruction  of 
hemoglobin  in  erythrocytes,  formation  of  met'nemoglobin ,  and/or  formation 
of  sul fahemoglob in  (Crawford  1954),  The  blood-forming  tissues  of  the 
marrow  are  also  affected,  begining  with  an  increase  in  numbers  of  retic¬ 
ulocytes  in  the  blood  stream  and  hyperplasia  of  bone  marrow.  With 
further  exposure,  the  bone  marrow  becomes  hypocellular  and  the  number  of 
red  and  white  cells  in  the  blood  are  reduced.  Progressive  aplastic 
anemia  develops  with  rapid  deterioration  usually  leading  to  death 
(Crawford  1954).  In  the  cases  reviewed  bv  Crawford,  10  of  15  fatalities 
also  demonstrated  liver  damage,  but  no  effects  were  noted  in  spleen  or 
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lymph  nodes.  The  ultimate  cause  of  death  included  5  cases  of  intracta¬ 
ble  recurring  hemorrhages,  3  cases  of  thrombocytopenic  purpura,  3  cases 
of  agranulocytosis,  2  cases  of  brain  hemorrhage,  1  case  of  pulmonary 
embolism,  and  1  case  of  red  cell  anemia. 

Hathaway  (1977)  reviewed  earlier  studies  of  TNT  exposure  that 
resulted  in  anemic  disorders.  An  Egyptian  study  by  El  Ghawabi  et  al . 
(1974)  examined  38  exposed  workers  and  20  unexposed  controls  at  a  TNT 
handling  plant.  The  mean  exposure  levels  for  most  workers  were  0.2  to 
1.0  mg  TNT/m-*.  Significant  effects  (p  <0.05)  for  the  exposed  group 
included  higher  rates  of  respiratory  and  gastrointestinal  complaints 
(e.g.,  coughing  or  nausea)  and  a  decrease  in  hemoglobin  levels.  No 
changes  were  seen  in  liver  function  tests  or  in  the  occurrence  of 
cataracts.  A  study  by  the  U.S.  Army  Environmental  Hygiene  Agency 
(USAEHA)  (Friedlander  et  al.  1974)  also  revealed  hematologic  effects 
following  TNT  exposure.  Twenty  nonexposed  workers  and  24  workers 
exposed  to  TNT  levels  of  0.03  to  2.52  mg/m-*  were  tested  for  effects. 
Significantly  (p  <0.05)  lower  levels  of  hemoglobin,  hematocrit,  and  red 
blood  cell  counts  were  found  in  the  exposed  group.  Also,  similarly  sig¬ 
nificant  increases  in  reticul'  te  counts,  eosinophil  counts,  blood  urea 
nitrogen  levels,  and  glucos  Is  were  noted.  Liver  function  tests 

were  increased  but  not  sip  ntly.  Another,  larger  USAEHA  study 

examined  533  employees  expo^.u  to  TNT  and  865  not  exposed  (Buck  and  Wil¬ 
son  1975).  Although  some  of  the  workers  were  also  exposed  to  RDX ,  it 
was  felt  that  exposure  should  not  affect  the  hepatic  and  hematological 
effects  from  TNT.  The  8-hr  time  weighted  average  TNT  exposures  ranged 
from  undetectable  (<0.01  mg/m^)  to  1.84  mg/m-*  with  only  12.2  percent  of 
the  workers  exposed  to  levels  >0.5  mg/m-*.  Table  24  shows  the  effects  on 
hemoglobin  levels  which  were  the  only  significant  effects  even  though 
tests  were  performed  for  effects  on  carbohydrate  metabolism,  renal  func¬ 
tion,  hepatic  function,  and  the  immune  system. 

Gribova  et  al.  (1983)  reported  changes  in  blood  parameters  that 
corresponded  to  increases  in  TNT  exposure  concentrations.  Examinations 
of  workers  exposed  for  1  to  20  yr  to  TNT  levels  of  0.05  to  7.5  mg/m-* 
showed  decreased  levels  of  erthyrocyto  and  hemoglobin  concentrations, 
and  increased  levels  of  reticulocytes,  erythrocytes,  and  Heinz  bodies. 
These  effects  were  noticeable  at  a  level  of  0.48  mg/m-*  and  were  more 
pronounced  with  higher  exposure  concentrations.  However,  there  was  not 
a  relationship  between  effects  and  years  of  exposure. 

At  lower  TNT  exposure  levels  of  0.10  and  0.35  mg/ra* ,  nine  Finnish 
workers  also  exhibited  blood-system  effects  (Savol3inen  et  al .  1985). 

The  activity  of  aminolevulinic  acid  synthetase  was  significantly 
(p  <0.01)  lower  in  exposed  workers  than  in  controls.  The  mean  heme  syn¬ 
thetase  activity  was  also  significantly  (p  <0.05)  lower.  None  of  the 
tested  workers  had  clinical  anemia  or  morphological  damage  to  miv.ro- 
chrondria  or  bone  marrow.  This  suggests  that  effects  on  reticulocytes 
may  occur  in  the  blood  after  oxygenation. 

Morton  et  al.  (1976)  studied  the  effects  of  low-level  TNT  exposure 
(time  -  we ighted  average)  on  serum  enzymes  and  hemoglobin  in  43  workers. 

No  significant  effects  were  found  for  hemoglobin  levels,  but  significant 
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TABLE  24.  RELATIONSHIP  BETWEEN  HEMOGLOBIN  LEVELS 
AND  2, 4, 6 -TRINITROTOLUENE  EXPOSURE3 


TNT 

All 

Participants 

Exposure 

Level*3 

No. 

Abnormal0 

No. 

Normal 

Relative 

Oddsd 

None 

78 

785 

1.0 

<0.01 

24 

191 

1.3 

0.02-0.09 

10 

63 

1.6 

0.10-0.19 

18 

80 

2.3 

0.20-0.29 

4 

20 

2.0 

0.30-0.39 

5 

5 

10.1 

0.40-0.49 

14 

33 

4.3 

0.50-0.99 

3 

5 

6.1 

>1.50 

1 

1 

10.1 

a.  Adapted 

from  Buck  and 

Wilson  1975. 

as  cited 

in  Hathaway  1977. 

b.  Time  weighted  average  (8-hr)  in  mg/m^ . 

c.  Males:  abnormal  is  less  than  14  g  Hgb/100  mL 
blood;  females:  abnormal  is  less  than  12  g 
Hgb/100  mL  blood. 

d.  An  estimate  of  relative  risk  of  abnormal 
hemoglobin  with  increasing  exposure  to  TNT. 
In  all  cases  the  odds  are  relative  to  those 
not  exposed. 
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changes  were  found  for  serum  enzyme  levels  when  the  TNT  levels  increased 
(Table  25) .  Serum  glutamic  oxaloacetic  transaminase  and  lactate  dehy¬ 
drogenase  activity  both  increased  significantly  when  exposure  increased 
from  0.3  to  0.8  mg/m^.  These  enzymes  indicated  hepatocellular  damage 
and  perhaps  some  degree  of  hemolyses  (Morton  et  al.  1976). 

Liver  damage,  the  other  primary  effect  from  exposure  to  TNT,  has 
been  discussed  less  frequently  in  the  literature.  Evans  (1941)  summa¬ 
rizes  seven  cases  of  liver  damage  attributed  to  TNT  exposure  (Table  22) . 
The  initial  symptoms  Included  jaundice  indicated  by  yellow  color, 
presence  of  bile  pigments  in  urine,  epigastric  pain,  and  nausea.  The 
one  fatal  case  attributed  to  toxic  liver  damage  revealed  acute  yellow 
atrophy  of  the  liver  when  autopsied.  Palmer  et  al .  (1943)  discussed 
three  cases  of  liver  damage  from  TNT  exposure  (Table  22).  The  symptoms 
were  the  same  as  presented  in  Evans  (1941),  but  recovery  occurred  in  all 
three  cases.  The  report  by  McConnell  and  Flinn  (1946)  also  details 
eight  fatal  cases  of  toxic  liver  damage  from  TNT  exposure  (Table  22). 
Symptoms  observed  in  most  cases  included  those  found  in  the  previous  two 
reports  as  well  as  a  high  icterus  index.  Deep  jaundice,  stupor,  severe 
weakness,  and  other  signs  of  acute  toxemia  occurred  rapidly  in  these 
cases  with  a  mean  elapsed  time  of  34  days  from  initial  symptoms  to 
death.  Pathological  examination  revealed  reduced  liver  weight  and  size, 
atrophy  with  complete  destruction  of  parenchymal  cells,  hemorrhagic 
areas,  perivascular  infiltration  of  lymphocytes  and  polymorphonuclear 
leucocytes,  and  fatty  infiltration  of  cells.  Speculation  on  the  mechan¬ 
ism  by  which  TNT  produces  liver  damage  was  offered  by  Alperin  et  al . 
(1944,  as  cited  in  Zakhari  et  al .  1978);  they  felt  that  it  was  direct 
action  on  liver  cells.  This  degeneration  is  followed  by  jaundice  and 
destruction  of  bile  capillaries  (Cone  1944,  as  cited  in  Zakhari  et  al. 

1978)  . 

Another  effect  documented  from  chronic  occupational  exposure  to  TNT 
is  the  formation  of  cataracts.  Hassman  (1979)  summarizes  the  early 
Soviet  and  East  European  literature  on  cataracts  associated  with  TNT 
worker  exposure  and  also  discusses  data  from  an  epidemiological  survey 
of  Czechoslovakian  workers.  Reports  of  formation  of  cataracts  from 
exposure  to  TNT  first  appeared  in  the  literature  in  1953  (Glezarov  1953; 
Holstein  et  al.  1953,  as  cited  in  Hassman  1979).  Later  reports  de¬ 
scribed  the  cataracts  as  a  2-mm-wide  ring  in  the  center  of  the  lens 
usually  with  an  associated  peripheral  ring  (Letavet  1964,  as  cited  in 
Hassman  1979).  The  cataract  progressed  with  continued  exposure,  first 
appearing  after  1  to  2  yr  of  exposure,  but  did  not  affect  visual  acuity. 
Occurrence  of  cataracts  in  workers  varied  from  less  than  1  percent  to  81 
percent  of  the  exposed  population  (Penkov  1965,  as  cited  in  Hassman 

1979) .  Several  authors  described  the  morphological  appearance  of  the 
cataracts  and  the  stages  of  progression  (Soboleva  1969;  Tijukina  1967; 
Hassman  and  Juran  1968,  1971,  all  as  cited  in  Hassman  1979).  However, 
none  of  these  reports  detailed  the  etiology  of  TNT  cataracts  nor  docu¬ 
mented  other  optical  changes  in  morphology  or  visual  acuity.  Hassman 
also  presented  data  on  cataracts  found  in  54  TNT  workers;  these  data 
confirmed  earlier  reports  of  the  morphology  and  lack  of  visual 
deterioration.  Hassman  indicated  that  TNT  intoxication  was  not  required 
for  the  formation  of  the  cataract,  because  only  five  individuals  of  the 
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TABLE  25.  RELATIONSHIP  BETWEEN  SERUM  ENZYME  ACTIVITY 
LEVELS,  HEMOGLOBIN  LEVELS,  AND  OCCUPATIONAL 
2, 4, 6 -TRINITROTOLUENE  EXPOSURE3 


Parameter*5 

Preemploy¬ 

ment 

12/73 

1/74 

2/74 

3/74 

4/74 

Hgb 

15.58C 

14.96 

15.19 

15.07 

14.85 

14.90 

SGOT 

34.78 

35.11 

32.47 

39.06 

58.17d 

54.44d 

LDH 

64.37 

52.63 

61.72 

60.88 

105.78® 

102.76® 

Avg.  TNT  Dust 
(rag/m3) 

NAf 

0.3 

0.3 

0.3 

0.8 

0.6 

a.  Adapted  from  Morton  et  al .  1976. 

b.  Hgb  -  hemoglobin; 

SCOT  -  serum  glutamic  oxaloacetic  transaminase; 
LDH  -  lactic  dehyrogenase . 

c.  Values  are  mean  of  43  employees. 

d.  Significant  at  p  <0.01. 

e.  Significant  at  p  <0.005. 

f.  NA  -  not  applicable. 
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54  examined  showed  signs  of  other  TNT  effects  in  a  battery  of  blood, 
enzyme,  neurological,  and  clinical  examinations,  A  similar  pattern  of 
cataract  formation  was  also  reported  for  TNT  workers  in  Finland  (Har- 
konen  et  al .  1983). 

4.3.2.  Animal  Studies 

A  number  of  studies  have  been  performed  with  rats,  dogs,  mice,  and 
monkeys  to  examine  the  effects  of  TNT  following  subchronic  (13 -week)  and 
chronic  (26-week  to  2-year)  exposure.  In  most  cases,  similar  effects 
were  detected  in  each  study,  and  these  effects  paralleled  those  found  in 
cases  of  human  occupational  exposure.  These  studies  are  discussed  in 
detail  in  this  section. 

Hart  (1974)  exposed  beagle  dogs  to  TNT  in  the  diet  for  90  days. 

TNT  levels  of  0.02,  0.1,  or  1.0  mg/kg/day  were  fed  to  three  dogs  of  each 
sex,  and  observations  were  made  for  clinical,  hematological,  urinalysis, 
and  biochemical  signs  of  toxic  effects.  Control  animals  received  simi¬ 
lar  treatment  without  exposure  to  TNT.  During  the  first  two- week 
period,  scattered  episodes  of  emesis  were  noted,  but  with  no  discernible 
pattern.  After  a  90-day  exposure,  the  dogs  were  sacrificed,  and  gross 
and  microscopic  pathological  examinations  of  various  organs  and  tissues 
of  high-dosed  and  control  animals  were  performed.  Included  in  the  exam¬ 
inations  were  hemoglobin  estimates,  liver  enzyme  tests,  urine  bilirubin 
tests,  liver  histology,  and  bone  marrow  histology.  No  effects  related 
to  TNT  treatment  were  found  in  the  experiments. 

Martin  (1974)  tested  the  oral  toxicity  of  TNT  in  cynomolgus  monkeys 
(Macaca  fascicularis )  for  90  days  using  gastric  intubation.  Groups  of 
three  adult  males  and  three  adult  females  were  given  doses  of  0,  0.02, 
0.1,  or  1.0  mg/kg/day.  Observations  for  toxic  effects  included  clinical 
examinations,  body  weights,  hematological  tests,  clinical  chemistry 
tests,  urinalysis,  ophthalmoscopic  examinations,  gross  pathology,  and 
histopathology  of  selected  organs  and  tissues.  Effects  were  limited  to 
the  highest  dose  and  included  an  initial  weight  loss  and  presence  of 
hemosiderin  in  the  liver,  spleen,  and  bone  marrow.  Also,  the  bone  mar¬ 
row  contained  necrotic  or  degenerative  megakaryocytes,  and  two  animals 
had  no  megakaryocytes  in  the  bone  marrow.  The  authors  felt  this  effect 
might  be  related  to  thrombocytopenia.  The  lack  of  dose  response  in  the 
effects  and  a  failure  to  detect  effects  in  the  hematological  and  clini¬ 
cal  chemistry  screens  make  the  significance  of  the  histopathological 
effects  difficult  to  interpret. 

A  more  extensive  evaluation  of  oral  TNT  toxicity  was  reported  by 
Dilley  et  al .  (1978)  using  90-day  exposures  of  dogs,  mice,  and  rats. 

For  the  dogs,  groups  of  five  male  and  five  female  beagles  were  given  TNT 
dose  levels  of  0,  0.2,  2.0,  or  20  mg/kg/day  in  gelatin  capsules.  After 
4  weeks,  one  male  and  one  female  from  each  dose  group  were  sacrificed, 
and  one  male  and  one  female  from  each  dose  group  were  taken  off  treat¬ 
ment  for  4  weeks  (for  recovery)  and  then  sacrificed.  The  remaining 
animals  were  kept  on  test  for  a  total  of  13  weeks,  and  then  two  males 
and  two  females  from  each  dose  group  were  killed.  As  at  4  weeks,  one 
male  and  one  female  from  each  dose  group  were  set  aside  for  4  weeks  of 
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recovery  and  then  killed.  Observations  included  complete  hematological 
and  biochemical  examinations  (including  interim  sampling  at  0,  4,  8,  13, 
and  17  weeks),  urinalysis,  organ  and  body  weights,  gross  pathology  and 
histopathology  of  numerous  tissues  and  organs.  The  observations  includ¬ 
ed  hemoglobin  estimates,  liver  enzyme  tests,  liver  histology,  and  bone 
marrow  smears.  Significant  effects  for  dogs  are  summarized  in  Table  26. 

The  90-day  exposure  study  of  rats  and  mice  used  groups  of  20  males 
and  20  females  at  each  dose  level  with  TNT  given  as  a  percent  of  the 
diet  (Dilley  et  al .  1978).  Levels  of  0,  0.002,  0.01,  0.05,  or  0.25  per¬ 
cent  TNT  by  weight  were  fed  to  Sprague -Dawley  rats.  Based  on  food  con¬ 
sumption  and  body  weight  data,  these  percent  levels  corresponded  to 
respective  doses  of  0,  1.40,  6.97,  34.7,  or  160  mg/kg/day  for  males  and 
0,  1.45,  7.41,  36.5,  or  164  mg/kg/day  for  females.  Levels  of  0,  0.001, 
0.005,  0.025,  or  0.125  percent  TNT  were  fed  to  Swiss-Webster  mice. 

Again  based  on  food  consumption  and  body  weight  data,  these  percent 
levels  corresponded  to  respective  doses  of  0,  1.45,  7.46,  35.7,  or  193 
mg/kg/day  for  males  and  0,  1.57,  8.06,  37.8,  or  184  mg/kg/day  for 
females.  Sacrifice  schedules  were  as  follows:  five  males  and  five 
females  from  each  dose  level  were  killed  at  4  weeks;  another  five  males 
and  five  females  from  each  dose  level  were  removed  from  TNT  exposure  at 
4  weeks,  allowed  to  recover  for  4  weeks  and  then  killed;  the  remaining 
rats  were  kept  on  test  for  a  total  of  13  weeks  and  then  half  were  killed 
and  half  kept  for  a  4-week  recovery  before  sacrifice.  Observations 
included  blood  and  serum  chemistry  analysis  at  each  sacrifice  time, 
organ  and  body  weights,  gross  pathology,  and  histopathology  of  numerous 
tissues  and  organs.  The  observations  included  hemoglobin  estimates, 
liver  enzyme  tests,  liver  histology,  and  bone  marrow  histology.  Signi¬ 
ficant  effects  for  rats  are  summarized  In  Table  27  and  for  mice  in 
Table  28. 

In  general,  the  effects  for  all  three  species  were  similar,  with  a 
little  more  severity  noted  in  dogs  and  rats  (Dilley  et  al .  1978).  Prin¬ 
cipal  effects  included  depressed  weight  gain,  mild  to  moderate  anemia, 
enlarged  livers  and  spleens,  some  testicular  atrophy,  and  hemosiderosis 
of  the  spleen.  This  study  parallels  many  of  the  human  case  history 
reports,  indicating  anemia  (usually  hemolytic,  but  also  aplastic)  and 
liver  damage  as  the  primary  responses. 
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A  further  analysis  of  the  subchronic  toxicity  of  TNT  to  rats  was 
performed  by  Levine  et  al.  (1981).  Groups  of  10  male  and  10  female 
Fischer  344  rats  were  fed  diets  resulting  in  TNT  doses  of  1,  5,  25.  125, 
or  300  mg/kg/day  for  13  wks .  A  control  group  of  30  rats  of  each  sex  was 
also  included.  Observations  included  general  behavior,  body  weight, 
food  consumption ,  hematology,  clinical  chemistry,  organ  weights,  gross 
pathology,  and  histopathology.  Included  in  the  examinations  were  hemo¬ 
globin  estimates,  liver  enzyme  tests,  liver  histology,  and  bone  marrow 
histology.  The  results  (Table  29)  indicate  the  principal  effects  are 
again  on  the  hepatic  and  hematological  systems.  The  pattern  of  hemato¬ 
logical  effects  indicates  a  more  hemolytic  rather  than  an  aplastic 
anemia  (Levine  et  al.  1981).  The  histopathological  effects  on  the  brain 
and  kidneys  were  not  dose -dependent  (occurring  only  at  the  high  dose) 
and  were  not  supported  by  any  other  observations;  therefore,  their 


-71- 


gj^SSiSE 


4T 


TABLE  26.  SIGNIFICANT  TOXIC  EFFECTS  IN  DOGS  FROM 
90-DAY  ORAL  EXPOSURE  TO  2 , U  , 6 -TRINITROTOLUENE3 


Effects  at  dose 

(mg/kg/d) 

Parameter 

0.2 

2.0 

20.0 

Behavior 

NEb 

NE 

Inactivity  in  males, 
diarrhea 

Body  Weight 

NE 

Initial  loss  in  some 

Initial  loss  in  some  ani¬ 
mals;  loss  in  others  late 
in  study  -  may  indicate 
delayed  onset  of  toxicity 

Food 

Consumption 

NE 

NE 

Lower  during  first  and 
second  week,  gradually 
increasing  over  treatment 

Organ 

Weights 

NE 

NE 

Enlarged  spleen,  liver, 
adrenal  and  kidney  (males 
only);  smaller  heart 
(males  only)  and  testes 

Hematology 

NE 

Mild  anemia  (decreased 
hemoglobin,  hematocrit, 
red  blood  cells) , 
leukocytosis 

Fronounced  anemia 
(decreased  hemoglobin, 
hematocrit,  red  blood 
cells),  leukocytosis 

Clinical 

Chemistry 

NE 

Decreased  iron  levels 

Decreased  SGPTC  and 
iron  levels;  increased 
cholesterol  and  biliru¬ 
bin;  effects  noted  at  &, 

8,  and  13  weeks,  but 
were  reversible 

Urinalysis 

NE 

NE 

Dark  amber  color;  high 
specific  gravity 

Histo- 

pathology 

NE 

NE 

Liver  lesions  and  en¬ 
larged  livers  (at  13  wk) ; 
moribund  male  (at  13  wk) 
had  hyperplasia  of  bone 
marrow,  extramedullary 
hematopoiesis,  and 
hyperplasia  of  pros¬ 
tate;  at  17  wk  moderate 
hemosiderosis  of  the 
spleen  in  one  female 

a .  Adapted 

b.  NE  -  no 

from  Dil 

effect . 

Icy  ct  al.  1978. 

c.  SGPT  -  Serum  glutamic  pyruvate  transaminase. 
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SGIT  '  Scram  glutamic  pyruvate  transaminase 


SIGNIFICANT  TOXIC  EFFECTS  IN  NICE  FRON  90-DAY  ORAL 
EXPOSURE  TO  2 ,4 . 6-TR1N ITROTGLUENE* 


TABI.F.  29.  SIGNIFICANT  TOXIC  EFFECTS  TO  EATS  F EON  13-VEEl  DIE!  EXPOSURE  TO  2 . 4 . 6-TK  IN  JTBOTOLUENE* 
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significance  must  be  questioned  when  extrapolating  to  human  exposure  to 
TNT.  Testicular  damage  similar  to  that  in  the  Dilley  et  al .  (1978) 
study  occurred;  however,  its  significance  for  humans  is  uncertain, 
because  testicular  atrophy  is  a  common  response  in  rats  to  any  stress  or 
toxic  insult  and  may  not  reflect  a  TNT-specific  effect  (Dilley  et  al . 
1978).  Levine  et  al .  (1981)  suggest  that  the  testicular  damage  is 
secondary  to  an  altered  androgen  metabolism. 

Levine  et  al .  (1983)  followed  up  the  13-wk  rat  study  with  a  26-wk 
study  of  TNT  in  the  beagle  dog.  Groups  of  six  dogs  of  each  sex  were 
given  capsules  containing  0,  0.5,  2.0,  8.0,  or  32.0  mg/kg/day.  Observa¬ 
tions  included  general  behavior  and  clinical  examination,  body  weight 
changes,  food  consumption,  complete  hematological,  clinical  chemistry, 
and  urinalysis  screening,  ophthalmological  examinations,  gross  pathol¬ 
ogy,  and  histological  examination  of  more  than  30  organs  and  tissues. 
Blood  samples  were  taken  every  A  to  5  weeks  for  the  laboratory  tests, 
but  interim  sacrifices  were  not  made.  The  examinations  included  hemo¬ 
globin  estimates,  liver  enzyme  tests,  liver  histology,  and  bone  marrow 
smears.  Results  are  shown  in  Table  30.  Toxic  effects  from  oral  expo¬ 
sure  to  TNT  in  the  beagle  are  very  similar  to  those  found  in  the  rat. 

The  major  effects  from  TNT  exposure  in  this  study  are  dose -dependent 
hemolytic  anemia  and  dose -dependent  hepatic  damage.  The  anemia  was 
accompanied  by  a  physiological  compensation  response  including  reticulo- 
cytosis  and  macrocytosis .  However,  unlike  the  study  in  rats  (Levine  et 
al .  1981),  no  histologic  evidence  of  damage  to  the  testes,  brain,  or 
kidneys  was  found  in  dogs . 

A  2-yr  study  in  Fischer  344  rats  was  performed  by  Furedi  et  al . 
(1984)  to  evaluate  the  chronic  toxicity  and  carcinogenicity  of  TNT  in 
the  diet.  Rats  were  fed  diets  containing  0,  0.4,  2,  10  or  50  mg/kg/day 
for  24  months,  and  a  range  of  observations  was  made  including  pathologi¬ 
cal  observations  of  interim  sacrifices  at  12  months.  Effects  at  the  10- 
and  50-mg/kg/day  levels  included  weight  loss,  decreased  food  consump¬ 
tion,  anemia  with  compensatory  reticulocytosis ,  splenic  lesions  (hemo¬ 
siderosis  and  sinusoidal  congestion),  liver  damage  (hepatomegaly  with 
hepatocellular  hyperplasia),  and  altered  lipid  and  protein  metabolism. 
Also,  at  the  highest  dose,  renal  damage  occurred  with  increased  blood 
urea  nitrogen  (BUN)  levels,  increased  kidney  weight,  and  hyperplasia  of 
the  renal  pelvis.  At  the  2 . 0-mg/kg/day  level,  indications  of  splenic 
lesions,  renal  pigmentation  (in  females),  and  some  bone  marrow  damage 
occurred,  although  statistically  significant  anemic  responses  were  not 
found.  The  0.4 -mg/kg/day  level  failed  to  produce  toxic  effects  and  was 
considered  a  no-observed-effect  level. 


4.4  GEN0T0XICITY 

A  variety  of  short-term  test  systems  has  been  used  to  evaluate  the 
genotoxicity  of  TNT  and  TNT-complexes  with  most  systems  indicating  posi¬ 
tive  effects.  The  Ames  Salmonella  typhimurium  assay  is  a  well- 
established  genotoxic  test  system  and  was  used  by  several  researchers  to 
test  TNT,  the  urine  of  workers  in  TNT  production  facilities,  and  TNT- 
surfactant  complexes  for  genotoxic  potential. 
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Won  et  al .  (1976)  exposed  the  S.  cyphimurium  strain  TA98  to  various 
concentrations  of  TNT  in  an  overlay  plate  test,  with  and  without  S9 
activating  enzymes.  At  concentrations  greater  than  10  g/mL,  growth 
inhibition  occurred.  At  0.5  to  10  g/mL,  a  dose -dependent  increase  in 
the  frameshift  mutation  rate  occurred  in  a  linear  fashion.  The  geno- 
toxic  effects  only  occurred  in  tests  without  S9  activation,  suggesting 
that  enzymatic  action  on  TNT  produces  only  nonmutagenic  metabolites. 

Dilley  et  al.  (1978)  tested  TNT  dissolved  in  dimethyl  sulfoxide  on 
strains  TA98,  TA100 ,  TA1535,  TA1537,  and  TA1538  of  5.  cyphimurium  at 
doses  of  10,  50,  100,  500,  1000,  and  5000  mg  TNT/plate.  In  tests 
without  S9  activation,  a  TNT  dose  of  100  mg/plate  produced  a  twofold  to 
sixfold  increase  in  the  mutation  rate  of  strains  TA98,  TA100,  and 
TA1538.  At  500  mg/plate,  significant  increases  were  also  found  in 
strain  TA1537,  but  higher  doses  produced  toxicity.  In  S9-activated 
tests,  doses  lower  than  100  mg/plate  did  not  produce  any  increase  in 
mutation  rates,  and,  at  500  mg/plate,  only  the  mutation  rate  in  strain 
TA100  was  significantly  affected.  However,  at  1000  mg/plate,  signifi¬ 
cant  increases  were  again  seen  in  the  other  four  strains. 

Whong  and  Edwards  (1984)  repeated  Ames  tests  of  TNT  using  the  five 
basic  strains  at  doses  of  110,  220,  440,  660,  and  880  nanomoles/plate, 
without  S9  activation.  An  increase  in  mutation  frequency  was  not  seen 
in  strain  TA1535  at  any  dose.  However,  in  the  other  strains,  TA98 , 
TA100,  TA1537,  and  TA1538,  a  clear  dose  -  response  pattern  was  establish¬ 
ed.  Tests  with  S9  activation  failed  to  increase  mutation  frequencies. 

A  study  by  Sundvall  et  al .  (1985)  of  the  genotoxic  effects  of  muni¬ 
tion  wastewaters  indicated  that  TNT  was  genotoxic  to  S.  cyphimurium 
strain  TA100 .  Of  the  10  various  genotoxic  components  of  the  wastewater, 
TNT  was  the  second  highest  contributor  to  the  overall  genotoxic 
response,  being  responsible  for  10  percent  of  the  total. 

In  addition  to  reports  of  the  genotoxicity  of  pure  TNT,  several 
Swedish  researchers  examined  the  urine  of  TNT  production  workers  for 
effects.  Ahlborg  et  al  (1985)  reported  a  study  of  Swedish  TNT  workers 
in  which  an  alternative  to  the  conventional  Ames  plate  incorporation 
test  with  S.  cyphimurium  strain  TA98  was  used.  A  bacterial  fluctuation 
assay  developed  by  Green  et  al.  (1976,  as  cited  in  Ahlborg  et  al .  1985) 
indicated  increased  frameshift  mutations  when  tested  without  S9  activa¬ 
tion.  Urine  samples  from  14  workers  produced  significant  increases 
(p  <0.01),  and  these  increases  could  t>e  correlated  with  observed  TNT 
levels  in  the  ambient  air  of  the  work  stations. 

The  genotoxic  potential  of  TNT  coupled  with  surfactants  used  to 
remove  TNT  from  wastewater  streams  was  evaluated  by  Kaplan  and  Kaplan 
(1982)  using  the  Ames  assay.  The  surfactants  were  Duoquad  T-50  (N- 
tallow-N ' N ' N ' -trime  thy 1  - N , N -  dime  thy 1  - 1 , 3  -  diamino  -  propane ) .  Ouomeen  T 
(N- tallow- 1 , 3 -diamino- propane .  white  waxy  solid),  and  Arquad  T-50  (N- 
tallow- trimethylammonium) .  The  three  complexes  were  toxic  to  S. 
Cyphimurium  at  doses  of  5000  g/plate,  and  all  produced  higher  mutation 
rates  than  TNT  alone  at  equivalent  concentrations.  TNT  was  mutagenic  to 
strains  TA1538,  TA100,  an!  TA98  at  concentrations  of  50  to  500  g/plate, 
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while  the  surfactants  were  mutagenic  in  all  strains  at  concentrations 
100-fold  lower. 

Other  assays  of  the  genotoxic  potential  of  TNT  were  reported.  In  a 
short  abstract,  Geshev  and  Klncheva  (1974)  report  that  6  months  of  topi¬ 
cal  application  of  30  percent  TNT  to  rats  resulted  in  chromatid  changes 
and  chromosome  breaks  in  the  bone  marrow  in  half  of  the  test  animals. 

Dilley  et  al.  (1978)  reported  two  genotoxic  studies  of  TNT.  The 
first  study  was  an  in  vivo  cytogenic  analysis  of  bone  marrow,  and  the 
second  was  an  in  vitro  analysis  of  unsched -1 ed  DNA  synthesis  (UDS)  in 
human  diploid  fibroblasts.  Doses  used  in  j  rat  study  were  0.25  and 
0.002  percent  TNT  in  the  diet  and  the  rats  -ere  fed  for  28  days.  Upon 
sacrifice  and  examination,  no  cytogenic  abnormalities  or  chromosome 
losses  were  found  in  the  bone  marrow  samples.  Because  microbial  studies 
showed  that  mutations  should  occur,  the  authors  suggested  that  the  lack 
of  effects  in  vivo  may  indicate  insufficient  amounts  of  TNT  were 
ingested  or  the  TNT  was  deactivated  in  the  metabolic  pathways  of  the 
rats.  In  the  human  UDS  study,  cell  cultures  of  human  fibroblasts  were 
inoculated  with  dilutions  of  a  TNT  solution  and  compared  to  control 
values.  A',  a  concentration  of  1000  g/mL  without  metabolic  activation, 
significant  elevations  occurred  in  the  incorporation  rate,  indicating 
genotoxic  effects.  However,  color  interference  at  the  two  higher  doses 
prevented  the  determination  of  a  dose  -  response  pattern,  and  thus  UDS  was 
only  suggested  in  this  assay. 

Styles  and  Cross  (1983)  reported  the  results  of  a  P388  mouse  lym¬ 
phoma  gene  mutation  assay  of  TNT.  Cells  in  growth  cultures  were  exposed 
to  TNT  concentrations  <  *  to  1000  g/mL,  with  and  without  S9  activation. 
TNT  in  two  trials  caused  a  significant  increase  in  mutation  frequency 
and  dose-related  cytotoxicity,  but  only  in  unactivated  systems.  This 
test  also  underscores  that  metabolic  activity  deactivates  the  genotoxi- 
city  potential  of  TNT;  Styles  and  Cross  speculated  that  in  vivo,  TNT 
would  be  hepatotoxic  but  not  genotoxic. 

Ashby  et  al.  (1985)  evaluated  the  genotoxicity  of  TNT  in  two 
assays,  a  mouse  bone  marrow  micronucleus  lest  and  an  in  vitro/in  vivo 
rat  liver  assay  for  UDS.  Male  hybrid  mice  were  injected  IP  w<th  10 
“L/kg  of  a  TNT  solution  at  doses  up  to  80  percent  of  the  maximum  toler¬ 
ated  dose  and  observed  for  4  days.  Slides  of  bone  marrow  were  examined 
from  five  animals  at  intervals  of  24.  48,  and  72  hr  after  dosing.  At 
doses  of  40  and  80  mg/ieg,  neither  a  significant  increase  in  hone  marrow 
micronuclei  nor  a  dose  response  pattern  was  observed  in  this  assay.  lr. 
the  rac  UDS  assay,  male  Alderley  Fc-ih  nr  Fischer  344  rats  were  given  TNT 
by  gavage ,  and  then  12  hr  later  hepatocytes  were  isolated  for  UDS 
analysis  Results  for  TNT  doses  of  up  to  luOO  rng/kg  were  negative  in 
both  strains  of  rats 
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reported  that  no  teratogenic  studies  had  been  performed.  Our  searches 
also  failed  to  locate  any  reports  whose  endpoint  was  solely  developmen¬ 
tal  toxicity  or  reproductive  effects.  As  discussed  earlier,  in  sub¬ 
chronic  and  chronic  toxicity  studies  by  Levine  et  al .  (1981;  1984)  tes¬ 
ticular  atrophy  with  degeneration  of  seminiferous  tubular  epithelium  was 
seen  in  rats  after  13-wk  exposures  to  TNT  levels  of  125  and  300 
mg/kg/day .  However,  as  noted  by  Dilley  et  al .  (1978)  and  Levine  et  al. 
(1981),  the  significance  of  these  effects  is  questionable,  because  of  a 
failure  to  demonstrate  similar  effects  in  other  species  and  because  this 
pattern  of  effects  is  a  common  response  of  rats  to  any  toxic  insult. 


4.6  CARCINOGENICITY 

As  with  developmental/reproductive  toxicity,  limited  data  were 
available  on  the  carcinogenic  effects  of  TNT.  Zakhari  et  al.  (1978)  in 
their  literature  review  reported  that  no  occupational  evidence  of  carci¬ 
nogenicity  was  available  and  no  post-mortem  tumors  had  been  found.  In 
reports  of  short-term  genotoxic  assays,  some  comments  were  made  on  the 
possible  carcinogenicity  of  TNT.  Styles  and  Cross  (1983),  in  their  dis¬ 
cussion  of  positive  genotoxic  effects  of  TNT  in  the  mouse  lymphoma  cell 
assay,  suggest  that  some  concern  is  warranted  regarding  the  potential 
carclnogencity  of  TNT  in  the  liver.  However,  they  cautioned  that  the 
biotransformation  of  TNT  is  different  in  vitro  from  in  vivo  and  that  the 
potential  for  hepatocarcinogonicity  may  not  be  supported  in  whole  animal 
feeding  studies.  Ashby  et  al.  (1985),  in  discussing  the  negative  re¬ 
sponses  of  TNT  in  mouse  bone  marrow  nicronucleus  and  rat  liver  UDS 
tests,  also  discounted  the  possible  liver  carcinogenicity  of  TNT. 

Perhaps  a  weak  carcinogenicity  response  would  be  elicited  from  the  sys¬ 
temic  effects  on  the  henopoetic  or  nephro-urinary  systems  at  toxic  doses 
(Ashby  et  al  1985);  but  at  lower  levels  this  possibility  is  remote. 

A  2-yr  study  of  a  TNT-d'et  exposure  of  rats  has  been  reported 
(Furedi  et  a] .  1984;  Levine  pers.  comm.  1986).  In  the  2-yr  study, 
Fischer  344  rats  were  fed  diets  containing  0,  0.4,  2.0,  10,  or  50 
mg/kg/day  and  observed  for  chronic  toxic  effects  and  for  potential  car¬ 
cinogenicity.  Effects  at  the  10-  and  50-mg/kg/day  levels  included 
weight  loss,  decreased  food  consumption,  anemia  with  compensatory  reti- 
culocytosis,  splenic  lesions  (hemosiderosis  and  sinusoidal  congestion), 
liver  damage  (hepatomegaly  with  hepatocellular  hyperplasia),  and  altered 
lipid  and  protein  metabolism.  Also  at  the  highest  dose,  renal  damage 
occurred  with  increased  BUN  levels,  increased  kidney  weight,  and  hyper¬ 
plasia  of  the  renal  pelvis.  Hyperplasia  (12  of  47  animals)  and  carci¬ 
noma  (11  oi  47  animals)  of  the  urinary  bladder  were  observed  at  signifi¬ 
cant  levels  (p  <  0.01.  and  p  <  0.05,  respectively)  in  high-dose  females. 

A  dose  -  response  trend  was  not  observed  for  the  carcinogenic  effect;  , 
although  one  or  two  females  at  10  mg/kg/day  were  affected.  In  their 
discussion,  the  authors  indicated  that  the  hyperplasias  in  the  liver, 
kidneys,  and  urinary  bladder  support  the  concept  of  carcinogenicity  of 
TNT  to  the  Fischer  344  rat  under  the  conditions  of  this  study  (Furedi  et 
al.  1984). 
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4.7  SUMMARY 


Trinitrotoluene  is  absorbed  by  both  humans  and  test  animals  through 
the  skin,  by  ingestion,  and  by  inhalation.  The  amount  absorbed  varies 
among  different  routes  and  test  species;  absorption  was  slower  by  the 
dermal  route  than  by  the  intratracheal  and  oral  routes.  Following  oral 
absorption,  ^C-TNT  is  widely  distributed  throughout  the  body  at  low 
levels.  The  highest  levels  are  found  in  the  Cl  tract,  liver,  kidneys, 
and  blood.  After  24  hr,  the  majority  of  radioactivity  from  ^C-TNT 
exposure  by  any  route  was  found  in  the  urine  and  feces  of  all  species. 
Although  experiments  were  not  taken  beyond  24  hrs,  there  is  an  indica¬ 
tion  that  retention  of  ^C-TNT  is  not  extensive.  Because  of  the  low 
solubility  of  TNT  in  water,  radioactivity  in  urine  probably  represents 
metabolic  byproducts.  No  evidence  for  elimination  via  exhalation  of  C02 
was  found. 

Studies  of  the  metabolism  of  TNT  have  indicated  potential  pathways 
and  byproducts,  particularly  products  found  in  urine.  Due  to  the  four 
functional  groups  on  the  TNT  molecule,  several  metabolic  reactions  are 
possible.  These  include  the  primary  metabolic  pathways  of  (1)  oxidation 
of  the  methyl  group  to  alcohol,  aldehyde  or  acid;  and  (2)  reduction  of 
nitro  groups  to  amino  or  hydroxylamino  compounds  (with  the  possible 
coupling  of  these  metabolites) .  The  liver  is  the  site  for  this  meta¬ 
bolic  and  detoxification  activity. 

The  reported  oral  LD50s  of  TNT  in  test  animals  range  from  660  mg/kg 
in  mice  to  3140  mg/kg  in  rats,  with  most  values  in  the  800-  to  1000- 
mg/k"  range.  Acute  effects  after  dosing  in  rats  and  mice  centered  un 
nervous  system  disturbances  with  inactivity,  tremors,  and  seizures  fol¬ 
lowed  by  death.  Respiratory  inhibition,  cyanosis,  and  red  urine  were 
also  noted. 

A  large  literature  base,  documenting  the  effects  of  occupational 
exposure  to  TNT,  is  available.  The  primary  effects  noted  in  these 
reports  are  jaundice  with  toxic  hepatitis  and  aplastic  anemia.  These 
effects  can  occur  separately  or  together  and  can  be  fatal.  The  amount 
of  TNT  and  the  length  of  exposure  required  to  produce  significant 
effects  varied  in  the  studies,  and  the  severity  of  effects  appeared  to 
be  a  factor  of  individual  susceptibility.  Other  effects  detected  in 
occupational  exposure  studies  include  gastrointestinal  disruptions, 
hemolytic  anemia,  contact  dermatitis,  and  cataracts.  The-  effects  of  TNT 
exposure  on  the  blooa  system  are  variable  and  m.iv  include  hemolysis  of 
red  cells  in  blood  stream,  destruction  of  hemoglobin  in  some  erythro¬ 
cytes,  formation  of  methemoglobin ,  and  formation  of  sui fhemogl obin .  The 
blood-forming  tissues  of  the  marrow  are  also  affected,  beginning  with  an 
increase  In  numbers  of  reticulocytes  in  the  blood  str-am  and  hyperplasia 
of  bone  marrow.  With  further  exposure,  the  bone  marrow  becomes  nvpo- 
cellular,  and  the  number  of  red  and  white  cells  in  the  blood  are  redu¬ 
ced.  Progressive  aplastic  anemia  develops  with  rapid  deterioration 
usually  leading  to  death.  Occupational  studies  that  provided  exposure 
levels  indicated  that  significant  effects  on  the  hematological  system 
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(primarily  decreased  hemoglobin)  occurred  at  mean  exposure  levels  of  0.2 
to  7 . 5  mg/m^ . 

Monkeys,  that  were  given  doses  of  0,  0.02,  0.1,  or  1.0  mg/kg/day 
for  90  days  using  gastric  Intubation,  showed  effects  that  were  limited 
to  the  highest  dose  and  that  included  an  initial  weight  loss  and 
presence  of  hemosiderin  in  the  liver,  spleen,  and  bone  marrow.  Also, 
the  bone  marrow  had  necrotic  or  degenerative  megakaryocytes,  and  two 
animals  had  no  megakaryocytes  in  the  bone  marrow.  A  more  extensive 
evaluation  of  oral  TNT  toxicity  was  reported  using  90-day  exposures  of 
dogs,  mice,  and  rats.  The  dogs  were  given  TNT  dose  levels  of  0,  0.2, 
2.0,  or  20  mg/kg/day  in  gelatin  capsules.  Levels  of  0,  0.002,  0.01, 
0.05,  or  0.25  percent  TNT  by  weight  were  fed  in  the  diet  to  rats. 

Levels  of  0,  0.001,  0.005,  0.025,  or  0.125  percent  TNT  were  fed  to  mice. 
In  general,  the  effects  for  all  three  species  were  similar,  although 
slightly  more  severe  In  dogs  and  rats.  Principal  effects  included 
depressed  weight  gain,  mild  to  moderate  anemia,  enlarged  livers  and 
spleens,  some  testicular  atrophy,  and  hemosiderosis  of  the  spleen.  This 
study  parallels  many  of  the  human  case  history  reports,  indicating 
anemia  (usually  hemolytic,  but  also  aplastic)  and  liver  damage  as  the 
primary  responses.  A  similar  pattern  of  effects  were  found  in  a  13-wk 
rat  diet  study  (TNT  doses  of  1,  5,  25,  125,  or  300  mg/kg/day)  and  in  a 
26-wk  beagle  dog  study  (given  capsules  with  0,  0.5,  2.0,  8.0,  or  32.0 
mg/kg/day) .  The  pattern  of  anemic  effects  indicated  a  hemolytic  basis 
rather  than  an  aplastic  anemia. 

A  variety  of  short-term  test  systems  has  been  used  to  evaluate  the 
genotoxicity  of  TNT  and  TNT-complexes ,  with  most  systems  indicating 
positive  effects.  The  Ames  Salmonella  typhimurium  assay  was  used  to 
test  TNT  and  the  urine  of  workers  in  TNT  production  facilities.  Tests 
of  pure  TNT  in  S.  typhlmurlum  strains  TA98 ,  TA100,  TA1537,  and  TA1538 
demonstrated  increased  frequencies  of  mutations,  usually  in  the  absence 
of  S9  activating  enzymes.  Levels  of  100  to  1000  mg/plate,  0.5  to  10 
g/mL,  and  110  to  880  nanomoles/plate  produced  effects  in  most  strains, 
frequently  in  dose-dependent  patterns.  A  study  of  Swedish  TNT  workers 
presented  an  evaluation  of  genotoxicity  using  a  bacterial  fluctuation 
assay  which  indicates  increased  frameshift  mutations  when  tested  without 
S9  activation.  Urine  samples  from  14  workers  revealed  significant 
Increases  (p  <0.01)  in  mutations,  correlated  with  observed  TNT  levels  in 
the  ambient  air  of  the  work  stations.  Other  evaluations  of  genotoxicity 
of  TNT  Included  a  cytogenic  analysis  of  bone  marrow,  unscheduled  DNA 
synthesis  (UDS)  assays  in  rat  liver  cells  and  human  diploid  fibroblasts, 
a  P388  mouse  lymphoma  gene  mutation  assay,  and  a  mouse  bone  marrow 
micronucleus  assay.  Only  in  the  human  UDS  at  say  (at  1000  g/mL)  and  the 
mouse  lymphoma  assay  (at  doses  from  0  to  1000  g/mL)  were  significant 
genotoxic  effects  reported. 

Ko  data  were  found  on  the  teratogenic  or  developmental  toxicity  of 
TNT  in  manuals.  The  only  indication  of  reproductive  eifects  were  iso¬ 
lated  effects  on  testes  of  rodents  during  chronic  tests.  Carcinogeni¬ 
city  dam  were  limited  to  a  2-yr  study  of  rats  which  indicated  hyper¬ 
plasia  ina  carcinoma  of  the  urinary  bladder  in  females  at  the  highest 
dose  (50  mg/kg/day),  but  without  a  dose • response  pattern. 


5.  CRITERION  FORMULATION 


5.1  EXISTING  GUIDELINES  AND  STANDARDS 

Standards  for  TNT  exposures  in  work  situations  have  been  set  by  the 
Occupational  Safety  and  Health  Administration  (OSHA) ,  and  recommenda¬ 
tions  have  been  made  by  the  U.S.  Army.  A  threshold  limit  value  (TLV)  of 
1.5  mg/m*  was  established  for  TNT  by  OSHA  (Morton  et  al .  1976). 

However,  Morton  et  al.  also  reported  serum  enzyme  changes  at  levels 
below  this  TLV  and  indicated  that  the  U.S.  Army  Environmental  Hygiene 
Agency  was  considering  a  level  of  0.5  mg/ra*  for  TNT  exposures  at  Army 
facilities.  The  recommendation  for  an  8-hr  time  weighted  average  of  0.5 
mg/m*  was  also  made  by  Hathaway  (1977).  Zakhari  et  al .  (1978)  reported 
that  maximum  allowable  concentrations  of  TNT  in  the  USSR,  and  Czechoslo¬ 
vakia  are  1.0  mg/m* .  They  also  reported  that  the  U.S.  Army  had  offici¬ 
ally  lowered  its  standard  to  0 . 5  mg/m*  in  November  1976  (DARCOM  Regula¬ 
tion  90-3,  November  1976,  as  cited  in  Zakhari  et  al  1978).  The  TLV  of 
0.5  mg/m-*  was  endorsed  by  the  ACGIH  (1983),  and  they  also  suggested  a 
short-term  exposure  limit  (STEL)  of  0.3  mg/m-*.  Limits  for  TNT  in  drink¬ 
ing  water  were  reported  for  the  Navy  Bureau  of  Medicine  (0.05  mg/L)  and 
the  U.S.  Army  (0.03  mg/L)  (Committee  on  Toxicology  1982).  A  U.S.  Army 
limit  for  TNT  in  wastewater  (0.01  mg/L)  was  also  reported  (Committee  on 
Toxicology  1982). 

5.2  OCCUPATIONAL  EXPOSURE 

Many  reports  of  occupational  exposure  to  TNT  have  been  made  in  the 
literature,  including  reports  of  fatalities.  Primarily  these  exposures 
occurred  during  and  following  the  first  and  second  World  Wars,  when  pro¬ 
duction  was  high  and  knowledge  of  the  health  effects  was  incomplete. 
These  reports  are  discussed  in  Sections  9.3.1  and  9.9  and  indicate  that 
the  primary  effects  of  inhalation  of  TNT  are  hepatic  damage  and  anemia 
at  reported  atmospheric  concentrations  of  0.10  mg/m*  and  higher. 

5.3  PREVIOUSLY  CALCULATED  CRITERIA 

Previous  attempts  have  been  made  to  calculate  water  quality  cri¬ 
teria  to  protect  human  health  and  aquatic  life  using  the  then  current 
guidelines  of  the  U.S.  Environmental  Protection  Agency. 

Dilley  et  al.  (1978)  in  their  repor*-  of  acute  and  subchronic  toxi¬ 
city  of  TNT  to  mammals  calculated  acceptable  daily  intakes  (ADIs)  for 
humans  and  a  maximum  recommended  concentration  of  TNT  in  water.  Based 
upon  their  studies  of  dogs,  rats,  and  mice,  Dilley  et  al.  generated  ADIs 
of  0.2,  1.92,  and  7.76  jjg/kg/day,  respectively.  These  values  were  gen¬ 
erated  using  a  no-observed-effect  level  (NOEL)  For  each  species  and 
dividing  by  an  uncertainty  factor  of  1000.  These  ADIs  were  then  insert¬ 
ed  into  the  following  equation  to  generate  maximum  concentrations: 

C  -  ADI  x  70/(2  -*  0.0187R),  where  R  **  bioconcentrat  i  on  factor, 

70  -  avg  weight  in  kg  for  human,  and  2  -  average  intake  of  water  in  L. 
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To  obtain  a  value  for  R,  Dilley  et  al .  used  the  estimated  oil/water  par¬ 
tition  coefficient  for  TNT  and  determined  a  value  of  11.5,  which  when 
substituted  in  the  above  equation  gives  maximum  concentrations  of  6.3, 
44.7,  and  245  pg/L  for  TNT,  based  on  dog,  rat,  or  mouse  data,  respec¬ 
tively.  Thus,  in  this  estimate  there  was  nearly  a  40- fold  range  in  ADI 
depending  on  the  species  used. 

Rosenblatt  (1981)  calculated  the  maximum  allowable  concentrations 
and  the  estimated  water  quality  criterion  for  TNT  released  from  Savannah 
Army  Depot  Activity.  He  used  U.S.  Environmental  Protection  Agency 
(1980)  guidelines  and  estimates  for  total  TNT  concentration  in  fish, 
total  fish  consumption,  and  bioconcentration  factor  of  TNT.  The  esti¬ 
mates  based  on  noncarcinogenic  data  gave  an  acceptable  daily  dose  for 
TNT  of  1.4  /ig/kg  and  a  drinking  water  criterion  of  50  pg/L.  Using  a 
safety  factor  of  100  to  account  for  the  potential  carcinogenicity  of 
TNT,  Rosenblatt  estimated  a  daily  acceptable  dose  of  0.014  Mg/kg  and  a 
drinking  water  criterion  of  0.5  Mg/L.  After  later  review  of  the  data 
and  procedures  used  to  calculate  the  criteria,  the  values  were  con¬ 
sidered  as  rather  uncertain  (Rosenblatt  1986,  pers.  comm.). 

Dacre  (1980)  in  a  letter  to  the  Office  of  the  Surgeon  General 
reported  interim  environmental  criteria  based  on  rat  and  bioconcentra¬ 
tion  data  from  Dilley  et  ai.  (1978)  and  using  the  1979  USEPA  guidelines. 
With  a  bioconcentration  factor  of  11.5  and  a  NOEL  of  1.4  mg/kg/dav 
(based  on  90-day  rat  studies)  used  to  calculate  an  acceptable  daily 
intake,  an  interim  criterion  of  44.25  Mg/L  was  recommended  for  the  pro¬ 
tection  of  human  health.  Data  were  not  sufficient  to  allow  the  U.S. 

Army  to  calculate  criteria  to  protect  aquatic  organisms,  but  a  value  of 
60  m g/L  was  suggested,  based  on  preliminary  results  from  fathead  minnow 
studies.  For  regulating  drinking  water,  a  similar  level  of  44.0  Mg/L 
was  suggested  in  a  letter  to  the  Office  of  the  Surgeon  General  (U.S. 

Armv  1983) . 

Bailey  et  al .  (1985),  in  a  report  on  the  chronic  toxicity  of  TNT  to 
several  species  of  fish,  also  calculated  water  quality  criteria  based  on 
USEPA  (1980)  guidelines.  They  used  data  they  generated  from  early  life 
history  and  chronic  studies,  as  well  as  data  from  Liu  et  al.  (1983). 

With  these  data,  Bailey  et  al .  determined  a  Final  Acute  Value  (FAV), 
Final  Chronic  Value  (FCV) ,  and  Final  Plant  Value  (FPF) ,  although  these 
determinations  were  done  without  meeting  all  of  the  requirements  or 
assumptions  stated  in  the  USEPA  (1980)  guidelines.  They  also  calculated 
a  Final  Residue  Value  (FRV)  based  on  an  estimate  of  the  bioconcentration 
factor  using  the  log  P  estimate  for  TNT  and  the  USEPA  (1980)  equation. 
Their  calculated  values  were  0.9  mg/L  for  the  Final  Acute,  0.05  mg/L  for 
the  Final  Chronic,  4.1  mg/L  ior  the  Final  Plant,  and  24.4  mg/L  for  the 
Final  Residue.  Because  their  data  for  chronic  effects  indicated  that 
effects  occurred  at  a  level  of  <0.04  mg/L,  they  replaced  the  calculated 
Final  Chronic  Value  with  this  lower  estimate.  Thus,  using  the  USEPA 
(1980)  guidelines,  Bailey  et  al.  recommended  a  maximum  allowable  concen¬ 
tration  of  40  /Jg/L  and  a  24-hr  average  concentration  of  40  Mg/L  as  their 
aquatic  criteria.  They  also  cautioned  that  the  24-hr  average  might  pro¬ 
duce  some  effects,  as  it  was  not  a  NOEL. 
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5.4  AQUATIC  CRITERIA  (See  Appendix  A) 

The  aquatic  criteria  consist  of  two  values,  a  criterion  maximum 
concentration  and  a  criterion  continuous  concentration  (Stephan  et  al. 
1985) .  The  criterion  maximum  concentration  is  calculated  by  dividing 
the  Final  Acute  Value  by  two.  The  criterion  continuous  concentration  is 
equal  to  the  lowest  of  the  Final  Chronic  Value,  the  Final  Plant  Value, 
or  the  Final  Residue  Value.  Data  available  for  calculating  aquatic  cri¬ 
teria  for  TNT  do  not  meet  all  the  requirements  specified  by  the  latest 
USEPA  guidelines  (Stephan  et  al .  1985),  thus  strictly  speaking  one 
should  not  calculate  aquatic  criteria.  However,  an  attempt  was  made  to 
generate  interim  water  quality  criteria  using  the  formula  provided  in 
the  USEPA  guidelines. 

The  data  for  the  Final  Acute  Value  are  insufficient;  available 
tests  do  not  include  enough  genera  (only  7  of  the  required  8  genera)  and 
not  all  tests  were  performed  under  f  low- r.hrough  conditions.  However, 
data  on  an  additional,  unrequired  genus  were  available,  and  the  guide¬ 
lines  do  make  provisions  for  the  use  of  static  tests  if  performed  under 
acceptable  standards;  therefore,  a  Final  Acute  Value  was  calculated 
(Table  31).  The  criterion  maximum  concentration  based  on  this  FAV  is 
557  /ig/L. 

Data  for  calculating  a  Final  Chronic  Value  are  also  insufficient. 
Enough  information  exists  in  the  report  by  Bailey  et  al.  (1985)  to  cal¬ 
culate  1  of  the  3  required  acute-to-chronic  ratios  (for  Salmo  gairdner i) 
using  early  life-stage  toxicity  studies.  A  3-generatlon  chronic  study 
of  Pimephales  promelas  performed  by  Bailey  et  al.  did  not  determine  a 
level  at  which  adverse  effects  did  not  occur,  consequently,  the  data  in 
this  study  cannot  be  used  to  determine  an  acute-to-chronic  ratio. 
However,  based  on  the  lowest  chronic  effect  level  for  reproductive 
effects  on  P.  promelas,  a  tentative  estimation  of  the  criterion  continu 
ous  concentration  might  be  40  pg/L.  This  estimation  is  lower  than  the 
lowest  effect  level  of  240  pg/L  observed  to  significantly  reduce  fry 
survival  in  S,  gairdneri  and  should  be  an  acceptably  conservative 
estimate  until  a  NOEL  is  generated  for  P.  promelas  by  further  study. 

Data  for  a  Final  Plant  Value  are  available  for  a  vascular  plant 
exposed  for  11  days  and  an  algal  species  exposed  for  21  days.  Schott 
and  Worthley  (1974)  found  that  a  level  of  1.0  ppm  reduced  growth  in  a 
duckweed  species.  Bailey  (1982)  found  that  levels  of  0.6  to  1.0  mg/L 
produced  reductions  in  cell  densities  in  the  alga  SelenasCrum  capric or- 
nutum  in  a  pattern  that  indicated  the  threshold  effect  might  be  in  that 
range.  Since  none  of  these  values  are  lower  than  the  40  pg/L  level 
found  in  the  chronic  animal  studies,  one  could  assume  that  aquatic 
plants  would  be  protected  by  any  level  determined,  based  on  chronic 
aquatic  animal  data. 

A  Final  Residue  Value  cannot  be  calculated  because  data  on  maximum 
permissible  tissue  concentrations  are  not  available.  Data  for  biocon¬ 
centration  factors  (BCF)  were  also  not  acceptable.  Data  from  a  study  by 
Liu  et  al.  (1983)  are  not  acceptable  because  the  exposure  was  only  4 
days  (versus  28  days  required)  and  the  measured  values  were  therefore, 
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TABLE  31.  CALCULATIONS  FOR  FINAL  ACUTE  VALUE  (FAV) 
OF  2,4, TRINITROTOLUENE® 


Rank  (R) 

GMAVb 

In  GMAVC 

(In  GMAV)2 

P-R/(N+l)d 

yp 

4 

2.81 

1.0332 

1.0675 

0 . 4444 

0.6666 

3 

2.78 

1.0224 

1.0453 

0.3333 

0.57/3 

2 

2.72 

1.0006 

1.0012 

0.2222 

0.4714 

1 

1.34 

0.2927 

0.0857 

0.1111 

0.3333 

Sum: 

3.3489 

3.1997 

1.1111 

2.0486 

a.  Based  on  calculation  methods  discussed  in  Stephan  et  al .  (1985). 

b.  GMAV  -  genus  mean  acute  value  in  mg/L;  calculated  as  the  geometric 
mean  of  LC50  values  (N  -  8)  meeting  necessary  standards;  listed 

in  Table  4. 

c.  In  GMAV  -  natural  log  of  GMAV. 

d.  P  -  probability  for  each  GMAV;  R  -  rank  of  four  lowest  GMAVs ;  N  -  8. 


L  -  (3.3489  -  (2.5290)(2.0486)]/4  -  -0.4580 
A  -  (2.5290)(,/0705)  -  0.4580  -  0.1075 
FAV  -  e0-1075  -  1.1135  mg/L 
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probably  not  at  steady-state.  Data  from  a  study  by  Xu  and  Chen  (1983) 
are  not  acceptable  because  the  species  studied  are  not  native  North 
American  species.  However,  calculations  based  on  octanol -water  parti¬ 
tion  coefficient  data  indicate  that  TNT  is  not  likely  to  bioconcentrate 
(Cairns  and  Dickson  1978).  Therefore,  the  lack  of  acceptable  data  on 
BCFs  is  not  crucial,  and  any  calculation  of  the  criterion  continuous 
concentration  would  most  likely  be  based  on  the  determination  of  a  Final 
Chronic  Value . 


5.5  HUMAN  HEALTH  CRITERIA  (See  Appendix  B) 

Data  on  TNT  have  not  shown  any  significant  carcinogenic  pattern; 
data  suggest  the  possibility  of  carcinogenicity,  but  a  dose  -  response 
pattern  was  not  established.  Also,  occupational  exposure  histories  have 
not  indicated  a  correlation  between  TNT  exposure  and  any  significant 
carcinogenicity.  Reliable  evidence  from  human  exposures  to  quantify 
definite  concentrations  of  TNT  were  not  available  for  calculating  a 
human  health  criterion.  The  most  extensive  study  reporting  effects  for 
TNT  was  the  2-yr  diet  study  using  rats  (Furedi  et  al .  1984).  They  found 
some  pathological  effects  at  a  dose  level  of  2.0  mg/kg/day  and  estab¬ 
lished  a  NOEL  of  0.4  mg/kg/day.  Based  on  USEPA  (1980)  guidelines,  an 
uncertatnity  factor  of  100  is  required  for  chronic  animal  data,  and  the 
0.4 -mg/kg/day  value  is  therefore  adjusted  by  a  factor  of  100.  The 
resulting  value  of  0.004  mg/kg/day  is  multiplied  by  70  kg  to  give  a 
human  ADI  (acceptable  daily  intake)  of  0.28  mg/day.  Insertion  of  this 
ADI  into  the  human  health  criterion  equation  gives  the  following: 

c  [ADI  -  (DT  +  IN)] 

[ 2L  +  0.0065  kg  x  BCF) ]  ’ 

[0.28  -  (0  +  0)] 

[ 2L  +  (0.0065  kg  x  11.5) ]  ’ 

where , 

C  -  criterion, 

DT  -  non-fish  dietary  intake, 

IN  -  inhalation  intake, 

2L  -  daily  water  intake  in  liters, 

0.0065  kg  -  daily  dietary  fish  intake,  and 
BCF  —  bioconcentration  factor, 

gives  a  human  health  criterion  of  134.96  Mg/L.  The  non- fish  dietary  and 
inhalation  intakes  were  assumed  to  be  zero,  based  on  physical/chemical 
properties  and  occupational  hygiene  practices.  The  bioconcentration 
factor  was  assumed  to  be  11.5  based  on  the  calculations  with  the 
octanol-water  partition  coefficient  of  Dilley  et  al.  (1978). 


5.6  RESEARCH  RECOMMENDATIONS 

The  following  research  recommendations  are  based  on  the  1980  and 
1985  USEPA  guidelines  and  would  be  required  to  properly  calculate  water 
quality  criteria.  Recommended  tests  should  meet  all  protocol  standards 
as  outlined  in  Stephan  et  al .  (1985)  and  USEPA  (1980). 
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1.  An  additional  flow-through,  acute  study  with  measured  concentra¬ 
tions  is  needed  on  a  species  of  aquatic  insect  or  in  a  phylum  not 
already  represented  (see  Table  A)  (e.g.,  an  Ephemeroptera  or  Mol¬ 
luscs)  in  order  to  calculate  an  acute-to-chronic  ratio  for  aquatic 
organisms . 

2.  Steady-state  or  28 -day  bioconcentration  studies  are  needed  using 
flow-through  tests  with  measured  concentrations  of  TNT. 

3.  Chronic  studies  of  TNT  using  a  life -cycle  toxicity  test  in  D&phnia 
magna  and  Pimephales  promelas  under  flow-through  conditions  and 
measured  TNT  concentrations.  A  definitive  no-observed- effect  level 
should  be  generated  for  reproductive  effects  and  effects  on  the 
second  generation. 

A.  A  chronic  study  of  TNT  effects  on  beagle  dogs  with  enough  dose 

levels  to  determine  dose-response  might  be  considered,  because  of 
the  greater  sensitivity  demonstrated  in  26-wk  studies  (definite 
effect  level  of  0.5  mg/kg/day)  as  compared  to  chronic  studies  in 
rats  (slight  effect  level  of  2.0  mg/kg/day  and  no-effect  level  of 
0.A  mg/kg/day).  Although  not  strictly  required  by  USEPA  guide¬ 
lines,  additional  knowledge  and  safety  provided  by  such  a  study 
might  justify  such  an  effort. 

5.  Examination  of  the  potential  for  carcinogenic  effects  suggested  by 
the  urinary  bladder  carcinomas  in  female  rats  at  the  high  dose  as 
reported  in  Furedi  et  al .  (198A).  This  is  the  only  indication  of 
carcinogenicity  of  TNT,  but  further  study  could  determine  if  human 
health  criteria  should  be  based  on  non- threshold  effects.  Simi¬ 
larly,  a  chronic  dog  and/or  rat  study  could  be  designed  to  also 
address  this  topic. 
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AAP 

ADI 

BCF 

BOD 

BUN 

COD 

DMSO 

dpra 

EC50 

FAV 

FCV 

FEL 

FPV 

FRV 

GC 

GI 

GMAV 

gpm 

Hgb 

IP 

LAP 

LC50 

LD50 

LDH 

NOAEL 

NOEL 


Army  Ammunition  Plant 
Acceptable  daily  intake 
Bioconcentration  factor  (R) 

Biological  oxygen  demand 
Blood  urea  nitrogen 
Chemical  oxygen  demand 

Dimethyl  sulfoxide,  a  common  vehicle  for  test  chemicals 
Disintegrations  per  minute 

Effective  concentration  based  on  immobilization 

Final  acute  value 

Final  chronic  value 

Frank  effect  level 

Final  plant  value 

Final  residue  value 

Gas  chromatography 

Gastrointestinal 

Genus  mean  acute  value 

Gallons  per  minute 

Hemoglobin 

intraperitoneal  injection 
Load,  assemble,  and  pack 

Lethal  concentration  to  50  percent  of  test  organisms 
Lethal  dose  to  50  percent  of  test  organisms 
Lactate  dehydrogenase 
No  observed  adverse  effect  level 
No  observed  effect  level 
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NPDES 


OSHA 

Ppb 

ppm 

RDX 

SGOT 

STEL 

TLV 

TNT 

UDS 

USAEHA 

USAMBRDL 

USATHAMA 

USEPA 

uv 


National  Pollution  Discharge  Elimination  System 
Occupational  Safety  and  Health  Agency 
Parts  per  billion 
Parts  per  million 

Hex^hydro- 1,3,5- trinitro- 1 , 3 , 5- triazine ;  eye lo trimethylene 
trinitrotriaraine 

Serum  glutamic  oxaloacetic  transaminase 
Short-term  exposure  limit 
Threshold  limit  value 

o-Trinitrotoluene  (unless  mentioned  otherwise) 

Unscheduled  DNA  synthesis 

U.S.  Army  Environmental  Hygiene  Agency 

U.S.  Army  Medical  Bioengineering  Research 
and  Development  Laboratory 

U.S.  Army  Toxic  and  Hazardous  Materials  Agency 

U.S.  Environmental  Protection  Agency 

Ultraviolet  radiation 


APPENDIX  A 


SUMMARY  OF  USEPA  METHODOLOGY  FOR  DERIVING  NUMERICAL  WATER  QUALITY 
CRITERIA  FOR  THE  PROTECTION  OF  AQUATIC  ORGANISMS  AND  THEIR  USES 


The  following  summary  is  a  condensed  version  of  the  1985  final  U.S. 
Environmental  Protection  Agency  (USEPA)  guidelines  for  calculating  water 
quality  criteria  to  protect  aquatic  life  with  emphasis  on  the  specific 
regulatory  needs  of  the  U.S.  Army  (e.g.,  discussion  of  saltwater  aspects 
of  the  criteria  calculation  are  not  included) .  The  guidelines  are  the 
most  recent  document  outlining  the  required  procedures  and  were  written 
by  the  following  researchers  from  the  USEPA* s  regional  research  labora¬ 
tories:  C.  E.  Stephan,  D.  I.  Mount,  D.  J.  Hansen,  J.  H.  Gentile,  G.  A. 
Chapman,  and  W.  A.  Brungs .  For  greater  detail  on  individual  points  con¬ 
sult  Stephan  et  al.  (1985). 


1.  INTRODUCTION 

The  Guidelines  for  Deriving  Numerical  National  Water  Quality 
Criteria  for  the  Protection  of  Aquatic  Organisms  and  Their  Uses  describe 
an  objective,  internally  consistent,  and  appropriate  way  of  estimating 
national  criteria.  Because  aquatic  life  can  tolerate  some  stress  and 
occasional  adverse  effects,  protection  of  all  species  at  all  times  was 
not  deemed  necessary.  If  acceptable  data  are  available  for  a  large  num¬ 
ber  of  appropriate  taxa  from  a  variety  of  taxonomic  and  functional 
groups,  a  reasonable  level  of  protection  should  be  provided  if  all 
except  a  small  fraction  are  protected,  unless  a  commercially, 
recreationally ,  or  socially  important  species  is  very  sensitive.  The 
small  fraction  is  set  at  0.05,  because  other  fractions  resulted  in  cri¬ 
teria  that  seemed  too  high  or  too  low  in  comparison  with  the  sets  of 
data  from  which  they  were  calculated.  Use  of  0.05  to  calculate  a  Final 
Acute  Value  does  not  imply  that  this  percentage  of  adversely  affected 
taxa  should  be  used  to  decide  in  a  field  situation  whether  a  criterion 
is  appropriate. 

To  be  acceptable  to  the  public  and  useful  in  field  situations,  pro¬ 
tection  of  aquatic  organisms  and  their  uses  should  be  defined  as  preven¬ 
tion  of  unacceptable  long-term  and  short-term  effects  on  (1)  commerci¬ 
ally,  recreationally,  and  socially  important  species  and  (2)  (a)  fish 
and  benthic  invertebrate  assemblages  in  rivers  and  streams  and  (b)  fish, 
benthic  invertebrate,  and  zooplankton  assemblages  in  lakes,  reservoirs, 
estuaries,  and  oceans.  These  national  guidelines  have  been  developed  on 
the  theory  that  effects  which  occur  on  a  species  in  appropriate  labora¬ 
tory  tests  will  generally  occur  on  the  same  species  in  comparable  field 
situations . 

Numerical  aquatic  life  criteria  derived  using  these  national 
guidelines  are  expressed  as  two  numbers,  so  that  the  criteria  can  more 
accurately  reflect  toxicological  arid  practical  realities.  The  combina¬ 
tion  of  a  maximum  concentration  and  a  continuous  concentration  is  desig¬ 
ned  to  provide  adequate  protection  of  aquatic  life  and  its  uses  from 


id 
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acute  and  chronic  toxicity  to  animals,  toxicity  to  plants,  and  bioaccu¬ 
mulation  by  aquatic  organisms  without  being  as  restrictive  as  a  one- 
number  criterion  would  have  to  be  in  order  to  provide  the  same  degree  of 
protection . 

Criteria  produced  by  these  guidelines  should  be  useful  for  develo¬ 
ping  water  quality  standards,  mixing  zone  standards,  and  effluent  stan¬ 
dards.  Development  of  such  standards  may  have  to  consider  additional 
factors,  such  as  social,  legal,  economic,  and  additional  biological 
data.  It  may  be  desirable  to  derive  site-specific  criteria  from  these 
national  criteria  to  reflect  local  conditions  (USEPA  1982).  The  two 
factors  that  may  cause  the  most  difference  between  the  national  and 
site-specific  criteria  are  the  species  that  will  be  exposed  and  the 
characteristics  of  the  water. 


Criteria  should  provide  reasonable  and  adequate  protection  with 
only  a  small  possibility  of  considerable  overprotection  or  underprotec¬ 
tion.  It  is  not  enough  that  a  criterion  be  the  best  estimate  obtainable 
using  available  data;  it  is  equally  important  that  a  criterion  be 
derived  only  if  adequate  appropriate  data  are  available  to  provide 
reasonable  confidence  that  it  is  a  good  estimate.  Thus,  these  guidel¬ 
ines  require  that  certain  data  be  available  if  a  criterion  is  to  be 
derived.  If  all  the  required  data  are  not  available,  usually  a  cri¬ 
terion  should  not  be  derived;  however,  availability  of  all  required  data 
does  not  ensure  that  a  criterion  can  be  derived.  The  amount  of  guidance 
in  these  national  guidelines  is  significant,  but  much  of  it  is  neces¬ 
sarily  qualitative  rather  than  quantitative;  much  judgement  will  be 
required  to  derive  a  water  quality  criterion  for  aquatic  life.  All 
necessary  decisions  should  be  based  on  a  thorough  knowledge  of  aquatic 
toxicology  and  an  understanding  of  these  guidelines  and  should  be  con¬ 
sistent  with  the  spirit  of  these  guidelines  -  which  is  to  make  best  use 
of  all  available  data  to  derive  the  most  appropriate  criterion. 


2.  DEFINITION  OF  MATERIAL  OF  CONCERN 


Each  separate  chemical  that  does  not  ionize  significantly  in  most 
natural  bodies  of  water  should  be  considered  a  separate  material , 
except  possibly  for  structurally  similar  organic  compounds  that 
only  exist  in  large  quantities  as  commercial  mixtures  of  the 
various  compounds  and  apparently  have  similar  biological,  chemical, 
physical,  and  toxicological  properties. 

For  chemicals  that  do  ionize  significantly,  all  forms  that  would  be 
in  chemical  equilibrium  should  usually  be  considered  one  material. 
Each  different  oxidation  state  of  a  metal  and  each  different 
nonionizable  covalently  bonded  organometallic  compound  should 
usually  be  considered  a  separate  material. 

Definition  of  the  material  should  include  an  operational  analytical 
component.  It  is  also  necessary  to  reference  or  describe  analyti¬ 
cal  methods  that  the  term  is  intended  to  denote.  Primary 


requirements  of  the  operational  analytical  component  is  that  it  be 
appropriate  for  use  on  samples  of  receiving  water,  that  it  be  com¬ 
patible  with  toxicity  and  bioaccumulation  data  without  making 
extrapolations  that  are  coo  hypothetical,  and  that  it  rarely  result 
in  underprotection  of  aquatic  life  and  its  uses. 

NOTE:  Analytical  chemistry  of  the  material  may  have  to  be  con¬ 
sidered  when  defining  the  material  or  when  judging  acceptability  of 
some  toxicity  tests,  but  a  criterion  should  not  be  based  on  sensi¬ 
tivity  of  an  analytical  method.  When  aquatic  organisms  are  more 
sensitive  than  analytical  techniques,  the  proper  solution  is  to 
develop  better  analytical  methods,  not  to  underprotect  aquatic 
life. 


3.  COLLECTION  OF  DATA 


1.  Collect  all  available  data  on  the  material  concerning  (a)  toxicity 
to,  and  bioaccumulation  by,  aquatic  animals  and  plants;  (b)  FDA 
action  levels  (FDA  Guidelines  Manual);  and  (c)  chronic  feeding  stu¬ 
dies  and  long-term  field  studies  with  wildlife  that  regularly  con¬ 
sume  aquatic  organisms. 

2.  All  data  used  should  be  available  in  typed,  dated,  and  signed  hard¬ 
copy  with  enough  supporting  information  to  indicate  that  acceptable 
test  procedures  were  used  and  the  results  should  be  reliable. 

3.  Questionable  data,  whether  published  or  not,  should  not  be  used. 

4.  Data  on  technical  grade  materials  may  be  used  if  appropriate,  but 
data  on  formulated  mixtures  and  emulsifiable  concentrates  of  the 
test  material  should  not  be  used. 

5.  For  some  highly  volatile,  nydrolyzable ,  or  degradable  materials  it 
may  be  appropriate  to  only  use  results  of  flow-through  tests  in 
which  concentration  of  test  material  In  test  solutions  were 
measured  using  acceptable  analytical  methods. 

6.  Do  not  use  data  obtained  using  brine  shrimp,  species  that  do  not 
have  reproducing  wild  populations  in  North  America,  or  organisms 
that  were  previously  exposed  to  significant  concentrations  of  the 
test  material  or  other  contaminants. 


4.  REQUIRED  DATA 

1.  Results  of  acceptable  acute  tests  (see  Section  3)  with  freshwater 
animals  in  at  least  eight  different  families  such  that  all  of  the 
following  are  included: 
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a.  the  family  Salmonidae  in  the  class  Osteichthyes ; 

b.  a  second  family  (preferably  an  important  warmwater  species)  in 
the  class  Osteichthyes  (e.g.,  bluegill,  fathead  minnow,  or 
channel  catfish) ; 

c.  a  third  family  in  the  phylum  Chordata  (e.g,  fish  or  amphi¬ 
bian)  ; 

d.  a  planktonic  crustacean  (e.g,  cladocerar.  or  copepod)  ; 

e.  a  benthic  crustacean  (e.g,  ostracod,  isopod,  or  amphipod) ; 

f.  an  insect  (e.g.,  mayfly,  midge,  stonefly); 

g.  a  family  in  a  phylum  other  than  Arthropoda  or  Chordata  (e.g, 
Annelida  or  Mollusca) ;  and 

h.  a  family  in  any  order  of  insect  or  any  phylum  not  represented. 

2.  Acute-chronic  ratios  (see  Section  7)  for  species  of  aquatic  animals 
in  at  least  three  different  families  provided  that  of  the  three 
species  at  least  (a)  one  is  a  fish,  (b)  one  is  an  invertebrate,  and 
(c)  one  is  a  sensitive  freshwater  species. 

3.  Results  of  at  least  one  acceptable  test  with  a  freshwater  alga  or  a 
chronic  test  with  a  freshwater  vascular  plant  (see  Section  9).  If 
plants  are  among  the  aquatic  organisms  that  are  most  sensitive  to 
the  material,  results  of  a  test  with  a  plant  in  another  phylum 
(division)  should  be  available. 

4.  At  least  one  acceptable  bioconcentration  factor  determined  with  an 
appropriate  aquatic  species,  if  a  maximum  permissible  tissue  con¬ 
centration  is  available  (see  Section  10). 

If  all  required  data  are  available,  a  numerical  criterion  can  usually  be 
derived,  except  in  special  cases.  For  example,  if  a  criterion  is  to  be 
related  to  a  water  quality  characteristic  (see  Sections  6  and  8),  more 
data  will  be  necessary.  Similarly,  if  all  required  data  are  not  availa¬ 
ble  a  numerical  criterion  should  not  be  derived  except  in  special  cases. 
For  example,  even  if  sufficient  acute  and  chronic  cats  are  available,  it 
may  be  possible  to  derive  a  criterion  if  the  data  clearly  indicate  that 
the  Final  Residue  Value  would  be  much  lower  than  either  the  Final 
Chronic  Value  or  the  Final  Plant  Value.  Confidence  in  a  criterion 
usually  Increases  as  the  amount  of  data  increases.  Thus,  additional 
data  are  usually  desirable. 
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5.  FINAL  ACUTE  VALUE 


1.  The  Final  Acute  Value  (FAV)  is  an  estimate  of  the  concentration  of 
material  corresponding  to  a  cumulative  probability  of  0.05  in  the 
acute  toxicity  values  for  the  genera  with  which  acute  tests  have 
been  conducted  on  the  material.  However,  in  some  cases,  if  the 
Species  Mean  Acute  Value  (SMAV)  of  an  important  species  is  lower 
than  the  calculated  FAV,  then  that  SMAV  replaces  the  FAV  to  protect 
that  important  species. 

2.  Acute  toxicity  tests  should  have  been  conducted  using  acceptable 
procedures  (e.g.,  ASTM  Standard  E  724  or  729). 

3.  Generally,  results  of  acute  tests  in  which  food  was  added  to  the 
test  solution  should  not  be  used,  unless  data  indicate  that  food 
did  not  affect  test  results. 

4.  Results  of  acute  tests  conducted  in  unusual  dilution  water,  e.g., 
dilution  water  containing  high  levels  of  total  organic  carbon  or 
particulate  matter  (higher  than  5  mg/L) ,  should  not  be  used,  unless 
a  relationship  is  developed  between  toxicity  and  organic  carbon  or 
unless  data  show  that  organic  carbon  or  particulate  matter,  etc.  do 
not  affect  toxicity. 

5.  Acute  values  should  be  based  on  endpoints  which  reflect  the  total 
adverse  impact  of  the  test  material  on  the  organisms  used  in  the 
tests.  Therefore,  only  the  following  kinds  of  data  on  acute  toxi¬ 
city  to  freshwater  aquatic  animals  should  be  used: 

a.  Tests  with  daphnids  and  other  cladocerans  should  be  started 
with  organisms  <24  hr  old,  and  tests  with  midges  should  be 
started  with  second-  or  third- instar  larvae.  The  result 
should  be  the  48 -hr  EC50  based  on  percentage  of  organisms 
immobilized  plus  percentage  of  organisms  killed.  If  such  an 
EC50  is  not  available  from  a  test,  the  48 -hr  LC50  should  be 
used  in  place  of  the  desired  48-hr  EC50.  An  EC50  or  LC50  of 
longer  than  48  hr  can  be  used  provided  animals  were  not  fed 
and  control  animals  were  acceptable  at  the  end  of  the  test. 

b.  The  result  of  tests  with  all  other  aquatic  animal  species 
should  be  the  96-hr  EC50  value  based  on  percentage  of  organ¬ 
isms  exhibiting  loss  of  equilibrium  plus  percentage  of  organ¬ 
isms  immobilized  plus  percentage  of  organisms  killed.  If  such 
an  EC50  value  is  not  available  from  a  test,  the  96-hr  LC50 
should  be  used  in  place  of  the  desired  EC50. 

c.  Tests  with  single-cell  organisms  are  not  considered  acute 
tests,  even  if  the  duration  was  <96  hr. 

d.  If  the  tests  were  conducted  properly,  acute  values  reported  as 
greater  than  values  and  those  acute  values  which  are  above 
solubility  of  the  test  material  are  acceptable. 
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6  If  Che  acute  toxicity  of  the  material  to  aquatic  animals  has  been 
shown  to  be  related  to  a  water  quality  characteristic  (e.g.,  total 
organic  carbon)  for  freshwater  species,  a  Final  Acute  Equation 
should  be  derived  based  on  that  characteristic. 

7.  If  the  data  indicate  that  one  or  more  life  stages  are  at  least  a 
factor  of  2  times  more  resistant  than  one  or  more  other  life  stages 
of  the  same  species,  the  data  for  the  more  resistant  life  stages 
should  not  be  used  in  the  calculation  of  the  SMAV,  because  a 
species  can  only  be  considered  protected  from  acute  toxicity  if  all 
life  stages  are  protected. 

8.  Consider  the  agreement  of  the  data  within  and  between  species. 
Questionable  results  in  comparison  with  other  acute  and  chronic 
data  for  the  species  and  other  species  in  the  same  genus  probably 
should  not  be  used. 

9.  For  each  species  for  which  at  least  one  acute  value  is  available, 
the  SMAV  should  be  calculated  as  the  geometric  mean  of  all  flow¬ 
through  test  results  in  which  the  concentrations  of  test  material 
were  measured.  For  a  species  for  which  no  such  result  is  availa¬ 
ble,  calculate  the  geometric  mean  of  all  available  acute  values, 
i.e.,  results  of  flow-through  tests  in  which  the  concentrations 
were  not  measured  and  results  of  static  and  renewal  tests  based  on 
initial  total  concentrations  of  test  material. 

NOTE:  Data  reported  by  original  investigators  should  not  be  rounded 
off,  and  at  least  four  significant  digits  should  be  retained  in 
intermediate  calculations. 

10.  For  each  genus  for  which  one  or  more  SMAV  is  available,  calculate 
the  Genus  Mean  Acute  Value  (GMAV)  as  the  geometric  mean  of  the 
SMAVs . 


11.  Order  the  GMAVs  from  high  to  low,  and  assign  ranks  (R)  to  the  GMAVs 
from  "1"  for  the  lowest  to  "N"  for  the  highest.  If  two  or  more 
GMAVs  are  identical,  arbitrarily  assign  them  successive  ranks. 

12.  Calculate  the  cumulative  probability  (P)  for  each  GMAV  as  R/(N+1) . 

13.  Select  the  four  GMAVs  which  have  cumulative  probabilities  closest 
to  0.05  (if  there  are  <59  GMAVs,  these  will  always  be  the  four 
lowest  GMAVs). 

14.  Using  the  selected  GMAVs  and  Ps ,  calculate 


L  -  (E( In  GMAV)  -  S(Z(/P)))/4 
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A  -  S(/0705)  +  L 


If  for  an  important  species,  such  as  a  recreationally  or  commerci¬ 
ally  important  species,  the  geometric  mean  of  acute  values  from 
flow-through  tests  in  which  concentrations  of  test  material  were 
measured  is  lower  than  the  FAV,  then  that  geometric  mean  should  be 
used  as  the  FAV. 

Go  to  Section  7. 


6.  FINAL  ACUTE  EQUATION 


When  enough  data  show  that  acute  toxicity  to  two  or  more  species  is 
similarly  related  to  a  water  quality  characteristic,  the  rela¬ 
tionship  should  be  considered  as  described  below  or  using  analysis 
of  covariance  (Dixon  and  Brown  1979,  Neter  and  Vasserman  1974).  If 
two  or  more  factors  affect  toxicity,  multiple  regression  analyses 
should  be  used. 

For  each  species  for  which  comparable  acute  toxicity  values  are 
available  at  two  or  more  different  values  of  the  water  quality 
characteristic,  perform  a  least  squares  regression  of  acute  toxi¬ 
city  values  on  values  of  the  water  quality  characteristic. 

Decide  whether  the  data  for  each  species  is  useful,  considering  the 
range  and  number  of  tested  values  of  the  water  quality  characteris¬ 
tic  and  degree  of  agreement  within  and  between  species.  In  addi¬ 
tion,  questionable  results,  in  comparison  with  other  acute  and 
chronic  data  for  the  species  and  other  species  in  the  same  genus, 
probably  should  not  be  used. 

Individually  for  each  species  calculate  the  geometric  mean  of  the 
acute  values  and  then  divide  each  of  the  acute  values  for  a  species 
by  the  mean  for  the  species.  This  normalizes  the  acute  values  so 
that  the  geometric  mean  of  the  normalized  values  for  each  species 
individually  and  for  any  combination  of  species  is  1.0. 

Similarly  normalize  the  values  of  the  water  quality  characteristic 
for  each  species  individually. 

Individually  for  each  species  perform  a  least  squares  regression  of 
the  normalized  acute  toxicity  values  on  the  corresponding  normal¬ 
ized  values  of  of  the  water  quality  characteristic.  The  resulting 
slopes  and  95  percent  confidence  limits  will  be  identical  to  those 
obtained  in  2.  above.  Now,  however,  if  the  data  are  actually  plot¬ 
ted,  the  line  of  best  fit  for  each  individual  species  will  go 
through  the  point  1,1  in  the  center  of  the  graph. 


7.  Treat  all  the  normalized  data  as  if  they  were  all  for  the  same 
species  and  perform  a  least  squares  regression  of  all  the  normal¬ 
ized  acute  values  on  the  corresponding  normalized  values  of  the 
water  quality  characteristic  to  obtain  the  pooled  acute  slope  (V) 
and  its  95  percent  confidence  limits.  If  all  the  normalized  data 
are  actually  plotted,  the  line  of  best  fit  will  go  through  the 
point  1,1  in  the  center  of  the  graph. 

8.  For  each  species  calculate  the  geometric  mean  (W)  of  the  acute  tox¬ 
icity  values  and  the  geometric  mean  (X)  of  the  related  values  of 
the  water  quality  characteristic  (calculated  in  4.  and  5.  above). 

9.  For  each  species  calculate  the  logarithmic  intercept  (Y)  of  the 
SMAV  at  a  selected  value  (Z)  of  the  water  quality  characteristic 
using  the  equation:  Y  -  In  W  -  V(ln  X  -  In  Z) . 

10.  For  each  species  calculate  the  SMAV  using:  SMAV  -  eY. 

11.  Obtain  the  FAV  at  Z  by  using  the  procedure  described  in  Section  5 
(Nos.  10-14). 

12.  If  the  SMAV  for  an  important  species  is  lower  than  the  FAV  at  Z, 
then  that  SMAV  should  be  used  as  the  FAV  at  Z. 

13.  The  Final  Acute  Equation  is  written  as:  FAV  -  e^vt^n(waCer  quality 
characteristic)  +  In  A  -  V[ln  Z])(  where  V  -  pooled  acute  slope  and 
A  -  FAV  at  Z.  Because  V,  A,  and  Z  are  known,  the  FAV  can  be  calcu¬ 
lated  for  any  selected  value  of  the  water  quality  characteristic. 
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7.  FINAL  CHRONIC  VALUE 


1.  Depending  on  available  data,  the  Final  Chronic  Value  (FCV)  might  be 
calculated  in  the  same  manner  as  the  FAV  or  by  dividing  the  FAV  by 
the  Final  Acute-Chronic  Ratio. 

NOTE:  Acute -chronic  ratios  and  application  factors  are  ways  of 
relating  acute  and  chronic  toxicities  of  a  material  to  aquatic 
organisms.  Safety  factors  are  used  to  provide  an  extra  margin  of 
safety  beyond  known  or  estimated  sensitivities  of  aquatic  organ¬ 
isms.  Another  advantage  of  the  acute-chronic  ratio  is  that  it 
should  usually  be  greater  than  one;  this  should  avoid  confusion  as 
to  whether  a  large  application  factor  is  one  that  is  close  to  unity 
or  one  that  has  a  denominator  that  is  much  greater  than  the  numera¬ 
tor  . 

2.  Chronic  values  should  be  based  on  results  of  flow-through  (except 
renewal  is  acceptable  for  daphnids)  chronic  tests  in  which  concen¬ 
trations  of  test  material  were  properly  measured  at  appropriate 
times  during  testing. 
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3.  Results  of  chronic  tests  in  which  survival,  growth,  or  reproduction 
in  controls  was  unacceptably  low  should  not  be  used.  Limits  of 
acceptability  will  depend  on  the  species. 

4.  Results  of  chronic  tests  conducted  in  unusual  dilution  water  should 
not  be  used,  unless  a  relationship  is  developed  between  toxicity 
and  the  unusual  characteristic  or  unless  data  show  the  characteris¬ 
tic  does  not  affect  toxicity. 

3.  Chronic  values  should  be  based  on  endpoints  and  exposure  durations 
appropriate  to  the  species.  Therefore,  only  results  of  the  fol¬ 
lowing  kinds  of  chronic  toxicity  tests  should  be  used: 

a.  Life-cycle  toxicity  tests  consisting  of  exposures  of  two  or 
more  groups  of  a  species  to  a  different  concentration  of  test 
material  throughout  a  life  cycle.  Tests  with  fish  should 
begin  with  embryos  or  newly  hatched  young  <48  hr  old,  continue 
through  maturation  and  reproduction,  and  should  end  not  <24 
aays  (90  days  for  salmonids)  after  the  hatching  of  the  next 
generation.  Tests  with  daphnids  should  begin  with  young  <24 
hr  old  and  last  for  not  <21  days.  For  fish,  data  should  be 
obtained  and  analyzed  on  survi’  al  and  growth  of  adults  and 
young,  maturation  of  males  and  females,  eggs  spawned  per 
female,  embryo  viability  (salmonids  only),  and  hatchability . 
For  daphnids,  data  should  be  obtained  and  analyzed  on  survival 
and  young  per  female . 

b.  Partial  life-cycle  toxicity  tests  consisting  of  exposures  of 
two  or  more  groups  of  a  species  to  a  different  concentration 
of  test  material  throughout  a  life  cycle.  Partial  lif*-cycle 
tests  are  allowed  with  fish  species  that  require  more  than  a 
year  to  reach  sexual  maturity,  so  that  all  major  life  stages 
can  be  exposed  to  the  test  material  in  less  than  13  months. 
Exposure  to  the  test  material  should  begin  with  juveniles  at 
least  2  months  prior  to  active  gonadal  development,  continue 
through  maturation  and  reproduction,  and  should  end  not  <24 
days  (90  days  for  salmonids)  after  the  hatching  of  the  next 
generation.  Data  should  be  obtained  and  analyzed  on  survival 
and  growth  of  adults  and  young,  maturation  of  males  and 
females,  eggs  spawned  per  female,  embryo  viability  (salmonids 
only),  and  hatchability. 

c.  Early  life-stage  toxicity  tests  consisting  of  28-  to  32-day 
(60  days  posthatch  for  salmonids)  exposures  of  early  life 
stages  of  a  species  of  fish  from  shortly  after  fertilization 
through  embryonic,  larval,  and  early  juvenile  development. 

Data  should  be  obtained  on  growth  and  survival. 

NOTE :  Results  of  an  early  life-stage  test  are  used  as  predic¬ 

tors  of  results  of  life-cycle  and  partial  life-cycle  tests 
with  the  same  species.  Therefore,  when  results  of  a  life- 
cycle  or  partial  life-cyclc  test  are  available,  results  of  an 
early  life-stage  test  with  the  same  species  should  not  be 
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used.  Also,  results  of  early  life-stage  tests  in  which  the 
incidence  of  mortalities  or  abnormalities  increased  substan¬ 
tially  near  the  end  of  the  test  should  not  be  used,  because 
results  of  such  tests  may  be  poor  estimates  of  results  of  a 
comparable  life-cycle  or  partial  life-cycle  test. 

6.  A  chronic  value  may  be  obtained  by  calculating  the  geometric  mean 
of  lower  and  upper  chronic  limits  fror  a  chronic  test  or  by 
analyzing  chronic  data  using  regression  analysis.  A  lower  chronic 
limit  is  the  highest  tested  concentration  (a)  in  an  acceptable 
chronic  test,  (b)  which  did  not  cause  an  unacceptable  amount  of  an 
adverse  effect  on  any  specified  biological  measurements,  and  (c) 
below  which  no  tested  concentration  caused  such  an  unacceptable 
effect.  An  upper  chronic  limit  is  the  lowest  tested  concentration 
(a)  in  an  acceptable  chronic  test,  (b)  which  did  cause  an  unaccep¬ 
table  amount  of  an  adverse  effect  on  one  or  more  of  specified 
biological  measurements,  and  (c)  above  which  all  tested  concentra¬ 
tions  caused  such  an  effect. 

7.  If  chronic  toxicity  of  the  material  to  aquatic  animals  appears  to 
be  related  to  a  water  quality  characteristic,  a  Final  Chronic  Equa¬ 
tion  should  be  derived  based  on  that  water  quality  characteristic. 
Go  to  Section  8. 

8.  If  chronic  values  are  available  for  species  in  eight  families  as 
described  in  Section  4  (No.  1),  a  Species  Mean  Chronic  Value  (SMCV) 
should  be  calculated  for  each  species  for  which  at  least  one 
chronic  value  is  available  by  calculating  the  geometric  mean  of  all 
chronic  values  for  the  species,  and  appropriate  Genus  Mean  Chronic 
Values  should  be  calculated.  The  FCV  should  then  be  obtained  using 
procedures  described  in  Section  5  (Nos.  10-14).  Then,  go  to  Sec¬ 
tion  7  (No .  13) . 

9.  For  each  chronic  value  for  which  at  least  one  corresponding 
appropriate  acute  value  is  available,  calculate  an  acute -chronic 
ratio,  using  for  the  numerator  the  geometric  mean  of  results  of  all 
acceptable  flow-through  (except  static  is  acceptable  for  daphnids) 
acute  tests  in  the  same  dilution  water  and  in  which  concentrations 
were  measured.  For  fish,  the  acute  test(s)  should  have  been  con¬ 
ducted  with  Juveniles.  Acute  test(s)  should  have  been  part  of  the 
same  study  as  the  chronic  test.  If  acute  tests  were  not  conducted 
as  part  of  the  same  stuu> ,  acute  tests  conducted  in  the  same 
laboratory  and  dilution  water  may  be  used  or  acute  tests  conducted 
in  the  same  dilution  water  but  a  different  laboratory  may  be  used. 
If  such  acute  tests  are  not  available,  an  acute -chronic  ratio 
should  not  be  calculated. 

10.  For  each  species,  calculate  the  species  mean  acute  -  chronic  ratio  as 
the  geometric  mean  of  all  acute -chronic  ratios  for  that  species, 

11.  For  some  materials  the  acute-chronic  ratio  is  about  the  same  for 
all  species,  but  for  other  materials  the  ratio  increases  or 
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decreases  as  the  SMAV  increases.  Thus,  the  Final  Acute -Chronic 
Ratio  can  be  obtained  in  three  ways,  depending  on  the  data. 

a.  If  the  species  mean  acute-chronic  ratio  increases  or  decreases 
as  the  SMAV  increases,  the  final  Acute-Chronic  Ratio  should  be 
calculated  as  the  geometric  mean  of  all  species  whose  SMAVs 
are  close  to  the  FAV. 


1 


12. 


13. 


b.  If  no  major  trend  is  apparent  and  the  acute-chronic  ratios  for 
a  number  of  species  are  within  a  factor  of  ten,  the  Final 
Acute -Chronic  Ratio  should  be  calculated  as  the  geometric  mean 
of  all  species  mean  acute-chronic  ratios  for  both  freshwater 
and  saltwater  species. 

c.  If  the  most  appropriate  species  mean  acute-chronic  ratios  are 
<2.0,  and  especially  if  they  are  <1.0,  acclimation  has  pro¬ 
bably  occurred  during  the  chronic  test.  Because  continuous 
exposure  and  acclimation  cannot  be  assured  to  provide  adequate 
protection  in  field  situations,  the  Final  Acute-Chronic  Ratio 
should  be  set  at  2.0  so  that  the  FCV  is  equal  to  the  Criterion 
Maximum  Concentration. 

If  the  acute-chronic  ratios  do  not  fit  one  of  these  cases,  a  Final 
Acute -Chronic  Ratio  probably  cannot  be  obtained,  and  an  FCV  pro¬ 
bably  cannot  be  calculated. 

Calculate  the  FCV  by  dividing  the  FAV  by  the  Final  Acute -Chronic 
Ratio. 

If  the  SMAV  of  an  important  species  is  lower  than  the  calculated 
FCV,  then  that  SMCV  should  be  used  as  the  FCV. 


14.  Go  to  Section  9. 


V 


8.  FINAL  CHRONIC  EQUATION 


A  Final  Chronic  Equation  can  be  derived  in  two  ways.  The  procedure 
described  in  this  section  will  result  in  the  chronic  slope  being 
the  same  as  the  acute  slope. 


8 


a.  If  acute -chronic  ratios  for  enough  species  at  enough  values  of 
the  water  quality  characteristics  indicate  that  the  acute- 
chronic  ratio  is  probably  the  same  for  all  species  and 
independent  of  the  water  quality  characteristic,  calculate  the 
Final  Acute-Chronic  Ratio  as  the  geometric  mean  of  the  species 
mean  acute -chronic  ratios. 
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b.  Calculate  the  FCV  at  the  selected  value  Z  of  the  water  quality 
characteristic  by  dividing  the  FAV  at  Z  (see  Section  6,  No. 

13)  by  the  Final  Acute -Chronic  Ratio. 

c.  Use  V  -  pooled  acute  slope  (see  Section  6,  No.  13)  as  L  - 
pooled  chronic  slope. 

d.  Go  to  Section  8,  No.  2,  item  m. 


2.  The  procedure  described  in  this  section  will  usually  result  in  the 
chronic  slope  being  different  from  the  acute  slope. 

a.  When  enough  data  are  available  to  show  that  chronic  toxicity 
to  at  least  one  species  is  related  to  a  water  quality  charac¬ 
teristic,  the  relationship  should  be  considered  as  described 
below  or  using  analysis  of  covariance  (Dixon  and  Brown  1979, 
Neter  and  Wasserman  1974).  If  two  or  more  factors  affect  tox¬ 
icity,  multiple  regression  analyses  should  be  used. 

b.  For  each  species  for  which  comparable  chronic  toxicity  values 
are  available  at  two  or  more  different  values  of  the  water 
quality  characteristic,  perform  a  least  squares  regression  of 
chronic  toxicity  values  on  values  of  the  water  quality  charac¬ 
teristic  . 

c.  Decide  whether  data  for  each  species  are  useful,  taking  into 
account  range  and  number  of  tested  values  of  the  water  quality 
characteristic  and  degree  of  agreement  within  and  between 
species.  In  addition,  questionable  results,  in  comparison 
with  other  acute  and  chronic  data  for  the  species  and  other 
species  in  the  same  genus,  probably  should  not  be  used.  If  a 
useful  chronic  slope  is  not  available  for  at  least  one  species 
or  if  the  slopes  are  too  dissimilar  or  if  data  are  inadequate 
to  define  the  relationship  between  chronic  toxicity  and  water 
quality  characteristic,  return  to  Section  7  (No.  8),  using 
results  of  tests  conducted  under  conditions  and  in  water  simi¬ 
lar  to  those  commonly  used  for  toxicity  tests  with  the 
species . 

d.  For  each  species  calculate  the  geometric  mean  of  the  available 
chronic  values  and  then  divide  each  chronic  value  for  a 
species  by  the  mean  for  the  species.  This  normalizes  the 
chronic  values  so  that  the  geometric  mean  of  the  normalized 
values  for  each  species  and  for  any  combination  of  species  is 
1.0. 

e.  Similarly  normalize  the  values  of  the  water  quality  character¬ 
istic  for  each  species  individually. 

f.  Individually  for  each  species  perform  a  least  squares  regres¬ 
sion  of  the  normalized  chronic  toxicity  values  on  the 
corresponding  normalized  values  of  the  water  quality 
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characteristic.  The  resulting  slopes  and  95  percent  confi¬ 
dence  limits  will  be  Identical  to  those  obtained  In  1.  above. 
Now,  however,  If  the  data  are  actually  plotted,  the  line  of 
best  fit  for  each  Individual  species  will  go  through  the  point 
1,1  In  the  center  of  the  graph. 

g.  Treat  all  the  normalized  data  as  If  they  were  all  for  the  same 
species  and  perform  a  least  squares  regression  of  all  the  nor¬ 
malized  chronic  values  on  the  corresponding  normalized  values 
of  the  water  quality  characteristic  to  obtain  the  pooled 
chronic  slope  (L)  and  its  95  percent  confidence  limits.  If 
all  the  normalized  data  are  actually  plotted,  the  line  of  best 
fit  will  go  through  the  point  1,1  in  the  center  of  the  graph. 

h.  For  each  species  calculate  the  geometric  mean  (M)  of  toxicity 
values  and  the  geometric  mean  (P)  of  related  values  of  the 
water  quality  characteristic. 

1.  For  each  species  calculate  the  logarithm  (Q)  of  the  SMCVs  at  a 
selected  value  (Z)  of  the  water  quality  characteristic  using 
the  equation:  Q  -  In  M  -  L(ln  P  -  In  Z) . 

j .  For  each  species  calculate  a  SMCV  at  Z  as  the  antilog  of  Q 
(SMCV  -  eQ). 

k.  Obtain  the  FCV  at  Z  by  using  the  procedure  described  in  Sec¬ 
tion  5  (Nos .  10-14) . 

l.  If  the  SMCV  at  Z  of  an  important  species  is  lower  than  the 
calculated  FCV  at  Z,  then  that  SMCV  should  be  used  as  the  FCV 
at  Z. 

m.  The  Final  Chronic  Equation  is  written  as:  FCV  -  e(k(ln(water 
quality  characteristic)]  +  In  S  -  L|ln  Z]))  where  L  -  mean 

chronic  slope  and  S  -  FCV  at  Z. 

9.  FINAL  PLANT  VALUE 


1.  Appropriate  measures  of  toxicity  of  the  material  to  aquatic  plants 
are  used  to  compare  relative  sensitivities  of  aquatic  plants  and 
animals.  Although  procedures  for  conducting  and  interpreting 
results  of  toxicity  tests  with  plants  are  not  well  developed, 
results  of  such  tests  usually  indicate  that  criteria  which  ade¬ 
quately  protect  aquatic  animals  and  their  uses  also  protect  aquatic 
plants  and  their  uses. 

2.  A  plant  value  is  the  result  of  any  test  conducted  with  an  alga  or 
an  aquatic  vascular  plant. 

3.  Obtain  the  Final  Plant  Value  by  selecting  the  lowest  result 
obtained  in  a  test  on  an  important  aquatic  plant  species  in  which 


-117- 


r  y:-  s, 


V,.  ■/ 


-V.v.-.’.v 


J 


concenti ations  of  test  material  were  measured  and  the  endpoint  is 
biologically  important. 

10.  FINAL  RESIDUE  VALUE 

1.  The  Final  Residue  Value  (FRV)  is  intended  to  (a)  prevent  concentra¬ 
tions  in  commercially  or  recreationally  important  aquatic  species 
from  exceeding  applicable  FDA  action  levels  and  (b)  protect 
wildlife,  including  fish  and  birds,  that  consume  aquatic  organisms 
from  demonstrated  unacceptable  effects.  The  FRV  is  the  lowest  of 
residue  values  that  are  obtained  by  dividing  maximum  permissible 
tissue  concentrations  by  appropriate  bioconcentration  or  bioaccumu¬ 
lation  factors.  A  maximum  permissible  tissue  concentration  is 
either  (a)  an  FDA  action  level  (FDA  administrative  guidelines)  for 
fish  oil  or  for  the  edible  portion  of  fish  or  shellfish  or  (b)  a 
maximum  acceptable  dietary  intake  (ADI)  based  on  observations  on 
survival,  growth,  or  reproduction  in  a  chronic  wildlife  feeding 
study  or  a  long-term  wildlife  field  study.  If  no  maximum  permissi¬ 
ble  tissue  concentration  is  available,  go  to  Section  11,  because  a 
Final  Residue  Value  cannot  be  derived. 

2.  Bioconcentration  Factors  (BCFsl  and  Bioaccumulation  Factors  (BAFs) 
are  the  quotients  of  the  concentration  of  a  material  in  one  or  more 
tissues  of  an  aquatic  organism  divided  by  the  average  concentration 
in  the  solution  to  which  the  organism  has  been  exposed.  A  BCF  is 
intended  to  account  only  for  net  uptake  directly  from  water,  and 
thus  almost  has  to  be  measured  in  a  laboratory  test.  A  BAF  is 
intended  to  account  for  net  uptake  from  both  fooo  and  water  in  a 
real-world  situation,  and  almost  has  to  be  measured  in  a  field 
situation  in  which  predators  accumulate  the  material  directly  from 
water  and  by  consuming  prey.  Because  so  few  acceptable  BAFs  are 
available,  only  BCFs  will  be  discussed  further,  but  an  acceptable 
BAF  can  be  used  in  place  of  a  BCF. 

3.  If  a  maximum  permissible  tissue  concentration  is  available  for  a 
substance  (e.g,  parent  material  or  parent  material  plus  metabol¬ 
ite),  the  tissue  concentration  used  in  BCF  calculations  should  be 
for  the  same  substance.  Otherwise  the  tissue  concentration  used  in 
the  BCF  calculation  should  be  that  of  the  material  and  its  metabol¬ 
ites  which  are  structurally  similar  and  are  not  much  more  soluble 
in  water  than  the  parent  material. 

a.  A  BCF  should  be  used  only  if  the  test  was  flow-through,  the 
BCF  was  calculated  based  on  measured  concentrations  of  test 
material  in  tissue  and  in  the  test  solution,  and  exposure  con¬ 
tinued  at  least  until  either  apparent  steady-state  (BCF  does 
not  change  significantly  over  a  period  of  time,  such  as  two 
days  or  16  percent  of  exposure  duration,  whichever  is  longer) 
or  28  days  was  reached.  The  BCF  used  from  a  test  should  be 
the  highest  of  (a)  the  apparent  steady-state  BCF,  if  apparent 
steady-state  was  reached;  (b)  highest  BCF  obtained,  if 
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apparent  steady-state  vas  not  reached;  and  (c)  projected 
steady-state  BCF,  if  calculated. 

b.  Whenever  a  BCF  is  determined  for  a  lipophilic  material,  per¬ 
centage  of  lipids  should  also  be  determined  in  the  tissue (s) 
for  which  the  BCF  is  calculated. 
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c.  A  BCF  obtained  from  an  exposure  that  adversely  affected  the 
test  organisms  may  be  used  only  if  it  is  similar  to  that 
obtained  with  unaffected  individuals  at  lower  concentrations 
that  did  cause  effects. 
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d.  Because  maximum  permissible  tissue  concentrations  are  rarely 
based  on  dry  weights,  a  BCF  calculated  using  dry  tissue 
weights  must  be  converted  to  a  wet  tissue  weight  basis.  If  no 
conversion  factor  is  reported  with  the  BCF,  multiply  the  dry 
weight  by  0.1  for  plankton  and  by  0.2  for  species  of  fishes 
and  invertebrates. 

e.  If  more  than  one  acceptable  BCF  is  available  for  a  species, 
the  geometric  mean  of  values  should  be  used,  unless  the  BCFs 
are  from  different  exposure  durations,  in  which  case  the  BCF 
for  the  longest  exposure  should  be  used. 


4.  If  enough  pertinent  data  exist,  several  residue  values  can  be  cal¬ 
culated  by  dividing  maximum  permissible  tissue  concentrations  by 
appropriate  BCFs: 


a.  For  each  available  maximum  ADI  derived  from  a  feeding  study  or 
a  long-term  field  study  with  wildlife,  including  birds  and 
aquatic  organisms,  the  appropriate  BCF  is  based  on  the  whole 
body  of  aquatic  species  which  constitute  or  represent  a  major 
portion  of  the  diet  of  tested  wildlife  species. 

b.  For  an  FDA  action  level  for  fish  or  shellfish,  the  appropriate 
BCF  is  the  highest  geometric  mean  species  BCF  for  the  edible 
portion  of  a  consumed  species.  The  highest  species  BCF  is 
used  because  FDA  action  levels  are  applied  on  a  species-by¬ 
species  basis . 


5.  For  lipophilic  materials,  it  may  be  possible  to  calculate  addi¬ 
tional  residue  values.  Because  the  steady-state  BCF  for  a  lipo¬ 
philic  material  seems  to  be  proportional  to  percentage  of  lipids 
from  one  tissue  to  another  and  from  one  species  to  another  (Hamel - 
ink  et  al.  1971,  Lundsford  and  Blem  1982,  Schnoor  1982),  extrapola¬ 
tions  can  be  made  from  tested  tissues  or  species  to  untested  tis¬ 
sues  or  species  on  the  basis  of  percentage  of  lipids. 
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For  each  BCF  for  which  percentage  of  lipids  is  known  for  the 
same  tissue  for  which  the  BCF  was  measured,  normalize  the  BCF 
to  a  one  percent  lif:d  basis  by  ui . i ling  the  BCF  by  percentage 
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of  lipids.  This  adjustment  makes  all  the  measured  BCFs  com¬ 
parable  regardless  of  species  or  tissue. 


b.  Calculate  the  geometric  mean  normalized  BCF. 

c.  Calculate  all  possible  residue  values  by  dividing  available 
maximum  permissible  tissue  concentrations  by  the  mean  normal¬ 
ized  BCF  and  by  the  percentage  of  lipids  values  appropriate  to 
the  maximum  permissible  tissue  concentration. 

•  For  an  FDA  action  level  for  fish  oil,  the  appropriate 
percentage  of  lipids  value  is  100. 

•  For  an  FDA  action  level  for  fish,  the  appropriate  percen¬ 
tage  of  lipids  value  is  11  for  freshwater  criteria,  based 
on  the  highest  levels  for  important  consumed  species 
(Sidwell  1981). 

•  For  a  maximum  ADI  derived  from  a  chronic  feeding  study  or 
long-term  field  study  with  wildlife,  the  appropriate  per¬ 
centage  of  lipids  is  that  of  an  aquatic  species  or  group 
of  aquatic  species  which  constitute  a  major  portion  of 
the  diet  of  the  wildlife  species. 

6.  The  FRV  is  obtained  by  selecting  the  lowest  of  available  residue 
values . 


11.  OTHER  DATA 

Pertinent  information  that  could  not  be  used  in  earlier  sections 
may  be  available  concerning  adverse  effects  on  aquatic  organisms  and 
their  uses.  The  most  important  of  these  are  data  on  cumulati /e  and 
delayed  toxicity,  flavor  impairment,  reduction  in  survival,  growth,  or 
reproduction,  or  any  other  biologically  important  adverse  effect. 
Especially  important  are  data  for  species  for  which  no  other  data  are 
available . 


12.  CRITERION 


1.  A  criterion  consists  of  two  concentrations:  the  Criterion  Maximum 
Concentration  and  the  Criterion  Continuous  Concentration. 

2.  The  Criterion  Maximum  Concentration  (CMC)  is  equal  to  one-half  of 
the  FAV. 

3.  The  Criterion  Continuous  Concentration  (CCC)  is  equal  to  the  lowest 
of  the  FCV,  the  Final  Plant  Value,  and  the  FRV  unless  other  data 
show  a  lower  value  should  be  used.  If  toxicity  is  related  to  a 
water  quality  characteristic,  the  CCC  is  obtained  from  the  Final 
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Chronic  Equation,  the  Final  Plant  Value,  and  the  FRV  by  selecting 
the  value  or  concentration  that  results  in  the  lowest  concentra¬ 
tions  in  the  usual  range  of  the  water  quality  characteristic, 
unless  other  data  (see  Section  11)  show  that  a  lower  value  should 
be  used. 

Round  both  the  CCC  and  CMC  to  two  significant  figures. 

The  criterion  is  stated  as: 

The  procedures  described  in  the  Guidelines  for  Deriving  Numerical 
National  Water  Quality  Criteria  for  the  Protection  of  Aquatic 
Organisms  and  Their  Uses  indicate  that  (except  possibly  where  a 
locally  important  species  is  very  sensitive)  (1)  aquatic  organisms 
and  their  uses  should  not  be  affected  unacceptably  if  the  four-day 
average  concentration  of  (2)  does  not  exceed  (3)  ng/L  more  than 
once  every  three  years  on  the  average  and  if  the  one -hour  average 
concentration  does  not  exceed  (4)  »g/L  more  than  once  every  three 
years  on  the  average. 

Here , 

(1)  -  insert  freshwater  or  saltwater, 

(2)  -  insert  name  of  material, 

(3)  -  insert  the  Criterion  Continuous  Concentration,  and 

(4)  -  insert  the  Criterion  Maximum  Concentration. 
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APPENDIX  B 


SUMMARY  OF  USEPA  METHODOLOGY  FOR  DETERMINING  WATER  QUALITY 
CRITERIA  FOR  THE  PROTECTION  OF  HUMAN  HEALTH 


The  following  summary  is  a  condensed  version  of  the  1980  final  US 
Environmental  Protection  Agency  (USEPA)  guidelines  for  calculating  vater 
quality  criteria  to  protect  human  health  and  is  slanted  towards  the 
specific  regulatory  needs  of  the  U.S.  Army.  The  guidelines  are  the  most 
recent  document  outlining  the  required  procedures  and  were  published  in 
the  Federal  Register  (USEPA  1980).  For  greater  detail  on  individual 
points  consult  that  reference. 


1.  INTRODUCTION 

The  EPA's  water  quality  criteria  for  the  protection  of  human  health 
are  based  on  one  or  more  of  the  following  properties  of  a  chemical  pol¬ 
lutant  : 

a)  Carcinogenicity, 

b)  Toxicity,  and 

c)  Organoleptic  (taste  and  odor)  effects. 

The  meanings  and  practical  uses  of  the  criteria  values  are  dis¬ 
tinctly  different  depending  on  the  properties  on  which  they  are  based. 
Criteria  based  solely  on  organoleptic  effects  do  not  necessarily 
represent  approximations  of  acceptable  risk  levels  for  human  health.  In 
all  other  cases  the  values  represent  estimates  that  would  prevent 
adverse  health  effects,  or  for  suspect  and  proven  carcinogens,  estimates 
of  the  increased  cancer  risk  associated  with  incremental  changes  in  the 
ambient  water  concentration  of  the  substance.  Social  and  economic  costs 
and  benefits  are  not  considered  in  determining  water  quality  criteria. 

In  establishing  water  quality  standards,  the  choice  of  the  criterion  to 
be  used  depends  on  the  designated  water  use.  In  the  case  of  a 
multiple-use  water  body,  the  criterion  protecting  the  most  sensitive  use 
is  applied. 


2.  DATA  NEEDED  FOR  HU MAH  HEALTH  CRITERIA 

Criteria  documentation  requires  information  on:  (1)  exposure 
levels,  (2)  pharmacokinetics,  and  (3)  range  of  toxic  effects  of  a  given 
water  pollutant . 

2.1  EXPOSURE  DATA 

For  an  accurate  assessment  of  total  exposure  to  a  chemical,  con¬ 
sideration  must  be  given  to  all  possible  exposure  routes,  including 
ingestion  of  contaminated  water  and  edible  aquatic  and  nonaquatic  organ¬ 
isms  as  well  as  exposure  through  inhalation  and  dermal  contact.  For 
water  quality  criteria  the  most  important  exposure  routes  to  be  con¬ 
sidered  are  ingestion  of  water  and  consumption  of  fish  and  shellfish. 
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Generally,  exposure  through  Inhalation,  dermal  contact,  and  non-aquatic 
diet  is  either  unknown  or  so  low  as  to  be  insignificant;  however,  when 
such  data  are  available,  they  must  be  included  in  the  criteria  evalua¬ 
tion. 


»  V 


v. 

>. 


The  EPA  guidelines  for  developing  water  quality  criteria  are  based 
on  the  following  assumptions,  which  are  designed  to  be  protective  of  a 
healthy  adult  male  who  is  subject  to  average  exposure  conditions: 

1.  The  exposed  individual  is  a  7G-kg  male  person  (International  Com¬ 
mission  on  Radiological  Protection  1977). 

2.  The  average  daily  consumption  of  freshwater  and  estuarine  fish  and 
shellfish  products  is  equal  to  6.5  grams. 

3.  The  average  daily  ingestion  of  water  is  equal  to  2  liters  (Drinking 
Water  and  Health,  National  Research  Council  1977). 

Because  fish  and  shellfish  consumption  is  an  important  exposure  factor, 
information  on  bioconcer.tration  of  the  pollutant  in  edible  portions  of 
ingested  species  is  necessary  to  calculate  the  overall  exposure  level. 
The  bioconcentration  factor  (BCF)  is  equal  to  the  quotient  of  the  con¬ 
centration  of  a  substance  in  all  or  part  of  an  organism  divided  by  the 
concentration  in  ambient  water  to  which  the  organism  has  been  exposed. 
The  BCF  is  a  function  of  lipid  solubility  of  the  substance  and  relative 
amount  of  lipids  in  edible  portions  of  fish  or  shellfish.  To  determine 
the  weighted  average  BCF,  three  different  procedures  can  be  used, 
depending  upon  lipid  solubility  and  availability  of  bioconcentration 
data: 


1.  For  lipid  soluble  compounds,  the  average  BCF  is  calculated  from  the 
weighted  average  percent  lipids  in  ingested  fish  and  shellfish  in 
the  average  American  diet.  The  latter  factor  has  been  estimated  to 
be  3  percent  (Stephan  1980,  as  cited  in  USEPA  1980). 

Because  steady-state  BCFs  for  lipid  soluble  compounds  are  propor¬ 
tional  to  percent  lipids,  the  BCF  for  the  average  American  diet  can 
be  calculated  as  follows: 


BCF  -  BCF  x 
avg  sp  PL 

sp 


where  BCFsp  is  the  bioconcentration  factor  for  an  aquatic  species 
and  PLSp  is  the  percent  lipids  in  the  edible  portions  of  that 
species . 


2.  Where  an  appropriate  bioconcentration  factor  is  not  available,  the 
BCF  can  be  estimated  from  the  octanol/water  partition  coefficient 
(P)  of  a  substance  as  follows: 


log  BCF  -  (0.85  log  P)  -  0.70 

for  aquatic  organisms  containing  about  7.6  percent  lipids  (Veith  et 
al.  1980,  as  cited  in  USEPA  1980).  An  adjustment  for  percent 
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lipids  in  the  average  diet  (3  percent  versus  7.6  percent)  is  made 
to  derive  the  weighted  average  bioconcentration  factor. 


3.  For  nonlipid-soluble  compounds,  the  available  BCFs  for  edible  por¬ 
tions  of  consumed  freshwater  and  estuarine  fish  and  shellfish  are 
weighted  according  to  consumption  factors  to  determine  the  weighted 
BCF  representative  of  the  average  diet. 


2.2  PHARMACOKINETIC  DATA 

Pharmacokinetic  data,  encompassing  information  on  absorption,  dis¬ 
tribution,  metabolism,  and  excretion,  are  needed  for  determining  the 
biochemical  fate  of  a  substance  in  human  and  animal  systems.  Informa¬ 
tion  on  absorption  and  excretion  in  animals,  together  with  a  knowledge 
of  ambient  concentrations  in  water,  food,  and  air,  are  useful  in 
estimating  body  burdens  in  humans.  Pharmacokinetic  data  are  also  essen¬ 
tial  for  estimating  equivalent  oral  doses  based  on  data  from  inhalation 
or  other  routes  of  exposure. 


2.3  BIOLOGICAL  EFFECTS  DATA 

Effects  data  which  are  evaluated  for  water  quality  criteria  include 
acute,  subchronic,  and  chronic  toxicity;  synergistic  and  antagonistic 
effects;  and  genotoxicity ,  teratogenicity,  and  carcinogenicity.  The 
data  are  derived  primarily  from  animal  studies,  but  clinical  case  his¬ 
tories  and  epidemiological  studies  may  also  provide  useful  information. 
According  to  the  EPA  (USEPA  1980) ,  several  factors  inherent  in  human 
epidemiological  studies  often  preclude  their  use  in  generating  water 
quality  criteria  (see  NAS  1977).  However,  epidemiological  data  can  be 
useful  in  testing  the  validity  of  animal - to -man  extrapolations. 

From  an  assessment  of  all  the  available  data,  a  biological  end¬ 
point,  i.e.,  carcinogenicity,  toxicity,  or  organoleptic  effects,  is 
selected  for  criteria  formulation. 


3.  HUMAN  HEALTH  CRITERIA  FOR  CARCINOGENIC  SUBSTANCES 

If  sufficient  data  exist  to  conclude  that  a  specific  substance  is  a 
potential  human  carcinogen  (carcinogenic  in  animal  studies,  with  suppor¬ 
tive  genotoxicity  data,  and  possibly  also  supportive  epidemiological 
data)  then  the  position  of  the  EPA  is  that  the  water  quality  criterion 
for  that  substance  (recommended  ambient  water  concentration  for  maximum 
protection  of  human  health)  is  zero.  This  is  because  the  EPA  believes 
that  no  method  exists  for  establishing  a  threshold  level  for  carcino¬ 
genic  effects,  and,  consequently,  there  is  no  scientific  basis  for  esta¬ 
blishing  a  "safe"  level.  To  better  define  the  carcinogenic  risk  associ¬ 
ated  with  a  particular  water  pollutant,  the  EPA  has  developed  a  metho¬ 
dology  for  determining  ambient  water  concentrations  of  the  substance 
which  would  correspond  to  incremental  lifetime  cancer  risks  of  10*'’  to 
10*5  (one  additional  case  of  cancer  in  populations  ranging  from  ten 


million  to  100,000,  respectively).  These  risk  estimates,  however,  do 
not  represent  an  EPA  Judgment  as  to  an  "acceptable"  risk  level. 


3.1  METHODOLOGY  FOR  DETERMINING  CARCINOGENICITY  (NONTHRESHOLD)  CRITERIA 

The  ambient  water  concentration  of  a  substance  corresponding  to  a 
specific  lifetime  carcinogenic  risk  can  be  calculated  as  follows: 

_  _ 70  x  PR _ 

^  “  * 

qL  (2  +  0.0065  BCF) 


where 

C  -  ambient  water  concentration; 

PR  -  the  probable  risk  (e.g.,  10*^;  equivalent  to  one  case 
in  100,000); 

BCF  -  the  bioconcentration  factor;  and 

q  *  -  a  coefficient,  the  cancer  potency  index  (defined  below) 

1  (USEPA  1980). 

By  rearranging  che  terms  in  this  equation,  it  can  be  seen  that  the 
ambient  water  concentration  is  one  of  several  factors  which  define  the 
overall  exposure  level: 


or 


PR  - 


qL  x  C  (2  +  0.0065  BCF) 
70 


PR  - 


q*  x  2C  +  (0.0065  BCF  x  C) 


70 


where  2C  is  the  daily  exposure  resulting  from  drinking  2  liters  of  water 
per  day  and  (0.0065  BCF  x  C)  is  the  average  daily  exposure  resulting 
from  the  consumption  of  6.5  mg  of  fish  and  shellfish  per  day.  Because 
the  exposure  is  calculated  for  a  70-kg  man,  it  is  normalized  to  a  per 
kilogram  basis  by  the  factor  of  1/70.  In  this  particular  case,  exposure 
resulting  from  inhalation,  dermal  contact,  and  nonaquatic  diet  is  con- 
’.red  to  be  negligible. 

aplified  terms  the  equation  can  be  rewritten 

PR  -  qx*  X  , 

where  X  is  the  total  average  daily  exposure  in  mg/kg/day  or 

*  PR 
ql  “  X  ’ 
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showing  that  the  coefficient  q^*  is  the  ratio  of  risk  to  dose,  an  indi¬ 
cation  of  the  carcinogenic  potency  of  the  compound. 


The  USEPA  guidelines  state  that  for  the  purpose  of  developing  water 
quality  criteria,  the  assumption  is  made  that  at  low  dose  levels  there 
is  a  linear  relationship  between  dose  and  risk  (at  high  doses,  however, 
there  may  be  a  rapid  increase  in  risk  with  dose  resulting  in  a  sharply 
curved  dose/response  curve).  At  low  doses  then,  the  ratio  of  risk  to 
dose  does  not  change  appreciably  and  q  *  is  a  constant.  At  high  doses 
the  carcinogenic  potency  can  be  derived  directly  from  experimental  data, 
but  for  risk  levels  of  10" ?  to  10*5,  which  correspond  to  very  low  doses, 
the  q^*  value  must  be  derived  by  extrapolation  from  epidemiological  data 
or  from  high  dose,  short-term  animal  bioassays. 


3.2  CARCINOGENIC  POTENCY  CALCULATED  FROM  HUMAN  DATA 

In  human  epidemiological  studies,  carcinogenic  effect  is  expressed 
in  terms  of  the  relative  risk  (RR(X)j  of  a  cohort  of  individuals  at 
exposure  X  compared  with  the  risk  in  the  control  group  [ PR(control) ) 
(e.g.,  if  the  cancer  risk  in  group  A  is  five  times  greater  than  that  of 
the  control  group,  then  RR(X)  -5).  In  such  cases  the  "excess"  relative 
cancer  risk  is  expressed  as  RR(X)  -  1,  and  the  actual  numeric,  or  pro¬ 
portional,  excess  risk  level  [ PR<X) ]  can  be  calculated: 

PR(X)  -  (RR(X)  -  1]  x  PR(control)  . 

Using  the  standard  risk/dose  equation 

PR(X)  -  b  x  X 


and  substituting  for  PR(X) : 

(RR(X)  -  1]  x  PR(control)  -  b  x  X 


or 


,  [RR(X)  -  11  x  PR(control) 

X 

where  b  is  equal  to  the  carcinogenic  potency  or  q^*. 

3.3  CARCINOGENIC  POTENCY  CALCULATED  FROM  ANIMAL  DATA 

In  the  case  of  animal  studies  where  different  species,  strains,  and 
sexes  may  have  been  tested  at  different  doses,  routes  of  exposure,  and 
exposure  durations,  any  data  sets  used  in  calculating  the  health  cri¬ 
teria  must  conform  to  certain  standards: 

1.  The  tumor  incidence  must  be  statistically  significantly  higher  than 
the  control  for  at  least  one  test  dose  level  and/or  the  tumor 
incidence  rate  must  show  a  statistically  significant  trend  with 
respect  to  dose  level. 
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2.  The  data  set  giving  the  highest  index  of  carcinogenic  potency  (q^*) 
should  be  selected  unless  the  sample  size  is  quite  small  and 
another  data  set  with  a  similar  dose-response  relationship  and  lar¬ 
ger  sample  size  is  available. 

3.  If  two  or  more  data  sets  are  comparable  in  size  and  identical  with 
respect  to  species,  strain,  sex,  and  tumor  site,  then  the  geometric 
mean  of  q^*  from  all  data  sets  is  used  in  the  risk  assessment. 

4.  If  in  the  same  study  tumors  occur  at  a  significant  frequency  at 
more  than  one  site,  the  cancer  incidence  is  based  on  the  number  of 
animals  having  tumors  at  any  one  of  those  sites. 

In  order  to  make  different  data  sets  comparable,  the  EPA  guidelines 
call  for  the  following  standardized  procedures: 

1.  To  establish  equivalent  doses  between  species,  the  exposures  are 
normalized  in  terms  of  dose  per  day  (m)  per  unit  of  body  surface 
area.  Because  the  surface  area  is  proportional  to  the  2/3  power  of 
the  body  weight  (W) ,  the  daily  exposure  (X)  can  be  expressed  as: 


2.  If  the  dose  (s)  is  gi^en  as  mg  per  kg  of  body  weight: 


then 

m  -  s  x  W 

and  the  equivalent  daily  exposure  (X)  would  be 


or 

X  -  s  x  W1/3  . 


3.  The  dose  must  also  be  normalized  to  a  lifetime  average  exposure. 

For  a  carcinogenic  assay  in  which  the  average  dose  per  day  (in  mg) 
is  m,  and  the  length  of  exposure  is  le.  and  the  total  length  of  the 
experiment  is  Le ,  then  the  lifetime  average  exposure  (Xm)  is 

1  x  m 

X"'l  *w2'3  ■ 

e 
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4.  If  the  duration  of  the  experiment  (Le)  ts  less  than  the  natural 

life  span  (L)  of  the  test  animal,  the  value  of  q^*  is  increased  by 
a  factor  of  (L/Le)3  to  adjust  for  an  age-specific  increase  in  the 
cancer  rate . 


5.  If  the  exposure  is  expressed  as  the  dietary  concentration  of  a  sub¬ 
stance  (in  ppm),  then  the  dose  per  day  (m)  is 


m  -  ppm  x  F  x  r  , 

where  F  is  the  weight  of  the  food  eaten  per  day  in  kg,  and  r  is  the 
absorption  fraction  (which  is  generally  assumed  to  be  equal  to  1). 
The  weight  of  the  food  eaten  per  day  can  be  expressed  as  a  function 
of  body  weight 


F  -  fW, 

where  f  is  a  species-specific,  empirically  derived  coefficient 
which  adjusts  for  differences  in  F  due  to  differences  in  the 
caloric  content  of  each  species  diet  (f  is  equal  to  0.028  for  a 
70-kg  man;  0.05  for  a  0.35-kg  rat;  and  0.13  for  a  0.03-kg  mouse). 

Substituting  (ppm  x  F)  for  m  and  fW  for  F,  the  daily  exposure 
(dose/surface  area/day  or  m/wV3)  can  5e  expressed  as 


ppm  x  F  ppm  x  f  x  W 
w2/3  "  w2/3 


ppm  x  f  x  W 


1/3 


6.  When  exposure  is  via  inhalation,  calculation  can  be  considered  for 
two  cases:  (1)  the  substance  is  a  water  soluble  gas  or  aerosol  and 
is  absorbed  proportionally  to  to  the  amount  of  air  breathed  in  and 
(2)  the  substance  is  not  very  water  soluble  and  absorption,  after 
equilibrium  is  reached  between  the  air  and  the  body  compartments, 
will  be  proportional  to  the  metabolic  rate  which  is  proportional  to 
rate  of  oxygen  consumption,  which,  in  turn,  is  a  function  of  total 
body  surface  area. 

3.4  EXTRAPOLATION  FROM  HIGH  TO  LOW  DOSES 

Once  experimental  data  have  been  standardized  in  terms  of  exposure 
levels,  they  are  incorporated  into  a  mathematical  model  which  allows  for 
calculation  of  excess  risk  levels  and  carcinogenic  potency  at  low  doses 
by  extrapolation  from  high  dose  situations.  There  are  a  number  of 
mathematical  models  which  can  be  used  for  this  procedure  (see  Krewski  et 
al .  1983  for  review).  The  EPA  has  selected  a  "linearized  multi-stage" 
extrapolation  model  for  use  in  deriving  water  quality  criteria  (USEPA 
1980).  This  model  is  derived  from  a  standard  "general  product”  time- 
to-response  (tumor)  model  (Krewski  et  al .  1983;: 


P(t;d)  -  1  -  exp{ -g(d)H( t) ) , 
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where  P(t;d)  is  the  probable  response  for  dose  d  and  time  t,  g(d)  is  the 
polynomial  function  defining  the  effect  of  dose  level,  and  H(t)  the 
effect  of  time: 

a  i 

g(d)  -  2  a  dl 

1-0 

b  i 

H(t)  -  2  0  t 

i-0 

(with  a  and  0  >  0,  and  2  01  -  1). 

This  time- to-response  model  can  be  converted  to  a  quantal  response 
model  by  incorporation  of  the  time  factor  into  each  a  as  a  multiplica¬ 
tive  constant  (Crump  1980) : 


p(d/t)  -  1  -  exp(  -  2  ad1)  , 

i-0 

or  as  given  in  the  EPA  guidelines  (USEPA  1980) : 

P(d)  -  1  -  exp[-(q0  +  qjd  +  q2d2  +  ...  +  qRdk) ] , 

where  P(d)  is  the  lifetime  risk  (probability)  of  cancer  at  dose  d. 

For  a  given  dose  the  excess  cancer  risk  A(d)  above  the  background 
rate  P(o)  is  given  by  the  equation: 


where , 


A(d) 


P(d)  -  P(o) 
1  -  P(o) 


A(d)  -  1  -  exp[-q^d  +  q2d2  +  ...  +  qkdk)) 


Point  estimates  of  the  coefficients  q^...qk  and  consequently  the 
extra  risk  function  A(d)  at  any  given  dose  are  calculated  by  using  the 
statistical  method  of  maximum  likelihood.  Whenever  q^  is  r.ot  equal  to 
0,  at  low  doses  the  extra  risk  function  A(d)  has  approximately  the  form 


A(d)  -  q1  x  d  . 

Consequently,  q^  x  d  represents  a  95  percent  upper  confidence  limit 
on  the  excess  risk,  and  R/q^  represents  a  95  percent  lower  confidence 
limit  on  the  dose  producing  an  excess  risk  of  R.  Thus,  A(d)  and  R  will 
be  a  function  of  the  maximum  possible  value  of  q^  which  can  be  deter¬ 
mined  from  the  95  percent  upper  confidence  limits  on  q^.  This  is  accom¬ 
plished  by  using  the  computer  program  GLOBAL  79  developed  by  Crump  and 
Watson  (1979).  In  this  procedure  q^*,  the  95  percent  upper  confidence 
limit,  is  calculated  by  increasing  q^  to  a  value  which,  when  incorpora¬ 
ted  into  the  log- likelihood  function,  results  in  a  maximum  value 
satisfying  the  equation: 
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2(LQ  -  Ll)  -  2.70554  , 

where  Lq  is  the  maximum  value  of  the  log-likelihood  function. 

Whenever  the  multistage  model  does  not  fit  the  data  sufficiently, 
data  at  the  highest  dose  are  deleted  and  the  model  is  refitted  to  the 
data.  To  determine  whether  the  fit  is  acceptable,  the  chi-square  sta¬ 
tistic  is  used: 


-  2 


(Xi  -  NiP1)" 
i-1  Nipi  (1  -  V 


where  Ni  is  the  number  of  animals  in  the  ith  dose  group,  Xi  is  the  num¬ 
ber  of  animals  in  the  ith  dose  group  with  a  tumor  response,  Pi  is  the 
probability  of  a  response  in  the  ith  dose  group  estimated  by  fitting  the 
multistage  model  to  the  data,  and  h  is  the  number  of  remaining  groups. 

The  fit  is  determined  to  be  unacceptable  whenever  chi-square  (x^)  is 
larger  than  the  cumulative  99  percent  point  of  the  chi-square  distribu¬ 
tion  with  f  degrees  of  freedom,  where  f  equals  the  number  of  dose  groups 
minus  the  number  of  nonzero  multistage  coefficients. 


4.  HEALTH  CRITERIA  FOR  NONCARCINOGENIC  TOXIC  SUBSTANCES 

Water  quality  criteria  that  are  based  on  noncarcinogenic  human 
health  effects  can  be  derived  from  several  sources  of  data.  In  all 
cases  it  is  assumed  that  the  magnitude  of  a  toxic  effect  decreases  as 
the  exposure  level  decreases  until  a  threshold  point  is  reached  at  and 
below  which  the  toxic  effect  will  not  occur  regardless  of  the  length  of 
the  exposure  period.  Water  quality  criteria  (C)  establish  the  concen¬ 
tration  of  a  substance  in  ambient  water  which,  when  considered  in  rela¬ 
tion  to  other  sources  of  exposure  (i.e.,  average  daily  consumption  of 
nonaquatic  organisms  (DT)  and  daily  inhalation  (IN)],  place  the  Accepta¬ 
ble  Daily  Intake  (ADI)  of  the  substance  at  a  level  below  the  toxicity 
threshold,  thereby  preventing  adverse  health  effects: 

ADI  -  (DT  +  IN) 

[ 2L  +  (0.0065  kg  x  BCF) ] 

where  2L  is  the  amount  of  water  ingested  per  day,  0.0065  kg  is  the 
amount  of  fish  and  shellfish  consumed  per  day,  and  BCF  is  the  weighted 
average  bioconcentration  factor. 

In  terms  of  scientific  validity,  an  accurate  estimate  of  the  ADI  is 
the  major  factor  in  deriving  a  satisfactory  water  quality  criterion. 

The  threshold  exposure  level,  and  thus  the  ADI,  can  be  derived  from 
either  or  both  animal  and  human  toxicity  data. 


4.1  NONCARCINOGENIC  HEALTH  CRITERIA  BASED  ON  ANIMAL  TOXICITY  DATA  (ORAL) 


For  criteria  derivation,  toxicity  is  defined  as  any  adverse  effects 
which  result  in  functional  impairment  and/or  pathological  lesions  which 
may  affect  the  performance  of  the  whole  organism,  or  which  reduce  an 
organism's  ability  to  respond  to  an  additional  challenge  (USEPA  1980). 

A  bioassay  yielding  information  as  to  the  highest  chronic  (90  days 
or  more)  exposure  tolerated  by  the  test  animal  without  adverse  effects 
(No -Observed-Adverse- Effect- Level  or  NOAEL)  is  equivalent  to  the  toxi¬ 
city  threshold  and  can  be  used  directly  for  criteria  derivation.  In 
addition  to  the  NOAEL,  other  data  points  which  can  be  obtained  from  tox¬ 
icity  testing  are 

(1)  NOEL  -  No -Observed -Ef fee t - Leve 1 , 

(2)  LOEL  -  Lowest-Observed- Effect-Level , 

(3)  LOAEL  -  Lowest-Observed-Adverse-Effect-Level, 

(4)  FEL  -  Frank-Effect-Level. 

According  to  the  EFA  guidelines,  only  certain  of  these  data  points 
can  be  used  for  criteria  derivation: 

1.  A  single  FEL  value,  without  information  on  the  other  response 
levels,  should  not  be  used  for  criteria  derivation  because  there  is 
no  way  of  ’  nowirig  how  far  above  the  threshold  it  occurs. 

2.  A  single  NOEL  value  is  also  unsuitable  because  there  is  no  way  of 
determining  how  far  below  the  threshold  it  occurs.  If  only  multi¬ 
ple  NOELs  are  available,  the  highest  value  should  be  used. 

3.  If  an  LOEL  value  alone  is  available,  a  judgement  must  be  made  as  to 
whether  the  value  actually  corresponds  to  an  NOAEL  or  an  LOAEL. 

4.  If  an  LOAEL  value  Is  used  for  criteria  derivation,  it  must  be 
adjusted  by  a  factor  of  1  to  10  to  make  it  approximately  equivalent 
to  the  NOAEL  and  thus  the  toxicity  threshold. 

5.  If  for  reasonably  closely  spaced  doses  only  an  NOEL  and  an  LOAEL 
value  of  equal  quality  are  available,  the  NOEL  is  used  for  criteria 
derivation . 

The  most  reliable  estimate  of  the  toxicity  threshold  would  be  one 
obtained  from  a  bioassay  in  which  an  NOEL,  an  NOAEL,  an  LOAEL,  and  a 
clearly  defined  FEL  were  observed  in  relatively  closely  spaced  doses. 

Regardless  of  which  of  the  above  data  points  is  used  to  estimate 
the  toxicity  threshold,  a  judgement  must  be  made  as  to  whether  the 
experimental  data  are  of  satisfactory  quality  and  quantity  to  allow  for 
a  valid  extrapolation  for  human  exposure  situations.  Depending  on 
whether  the  data  are  considered  to  be  adequate  or  inadequate,  the  toxi¬ 
city  threshold  is  adjusted  by  a  "safety  factor"  or  "uncertainty  factor" 
(NAS  1977).  The  "uncertainty  factor"  may  range  from  10  to  1000  accor¬ 
ding  to  the  following  general  guidelines: 
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1.  Uncertainty  factor  10.  Valid  experimental  results  from  s  udies  on 
prolonged  ingestion  by  man,  with  no  indication  of  carcinogenicity. 

2.  Uncertainty  factor  100.  Data  on  chronic  exposures  in  humans  not 
available.  Valid  results  of  long-term  feeding  studies  on  exper¬ 
imental  animals,  or  in  the  absence  of  human  studies,  valid  animal 
studies  on  one  or  more  species.  No  indication  of  carcinogenicity. 

3.  Uncertainty  factor  1000.  No  long-term  or  acute  exposure  data  for 
humans.  Scanty  results  on  experimental  animals,  with  no  indication 
of  carcinogenicity. 

Uncertainty  factors  which  fall  between  the  categories  described 
above  should  be  selected  on  the  basis  of  a  logarithmic  scale  (e.g.,  33 
being  halfway  between  10  and  100). 

The  phrase  "no  indication  of  carcinogenicity"  means  that  carcino¬ 
genicity  data  from  animal  experimental  studies  or  human  epidemiology  are 
not  available.  Data  from  short-term  carcinogenicity  screening  tests  may 
be  reported,  but  they  are  not  used  in  criteria  derivation  or  for  ruling 
out  the  uncertainty  factor  approach. 

4.2  CRITERIA  BASED  ON  INHALATION  EXPOSURES 

In  the  absence  of  oral  toxicity  data,  water  quality  criteria  for  a 
substance  can  be  derived  from  threshold  limit  values  (TLVs)  established 
by  the  American  Conference  of  Governmental  and  Industrial  Hygienists 
(ACGIH) ,  the  Occupational  Safety  and  Health  Administration  (OSHA) ,  or 
the  National  Institute  for  Occupational  Safety  and  Health  (NIOSH) ,  or 
from  laboratory  studies  evaluating  the  inhalation  toxicity  of  the  sub¬ 
stance  in  experimental  animals.  TLVs  represent  8 -hr  time -weighted 
averages  of  concentrations  in  air  designed  to  protect  workers  from 
various  adverse  health  effects  during  a  normal  working  career.  To  the 
extent  that  TLVs  are  based  on  sound  toxicological  evaluations  and  have 
been  protective  in  the  work  situation,  they  provide  helpful  information 
for  deriving  water  quality  criteria.  However,  each  TLV  must  be  examined 
to  decide  if  the  data  it  is  based  on  can  be  used  for  calculating  a  water 
quality  criterion  (using  the  uncertainty  factor  approach).  Also,  the 
history  of  each  TLV  should  be  examined  to  assess  the  extent  to  which  it 
has  resulted  in  worker  safety.  With  each  TLV,  the  types  of  effects 
against  which  it  is  designed  to  protect  are  examined  in  terms  of  its 
relevance  to  exposure  from  water.  It  must  be  shown  that  the  chemical  is 
not  a  localized  irritant  and  there  is  no  significant  effect  at  the  por¬ 
tal  of  entry,  regardless  of  the  exposure  route. 

The  most  important  factor  in  using  inhalation  data  is  in  deter¬ 
mining  equivalent  dose/response  relationships  for  oral  exposures. 
Estimates  of  equivalent  doses  can  be  based  upon  (1)  available  pharmaco¬ 
kinetic  data  for  oral  and  inhalation  routes,  (2)  measurements  of  absorp¬ 
tion  efficiency  from  ingested  or  inhaled  chemicals,  or  (3)  comparative 
excretion  data  when  associated  metabolic  pathways  are  equivalent  to 
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chose  following  oral  ingestion  or  inhalation.  The  use  of  pharmaco¬ 
kinetic  models  is  the  preferred  method  for  converting  from  inhalation  to 
equivalent  oral  doses . 

In  the  absence  of  pharmacokinetic  data,  TLVs  and  absorption  effi¬ 
ciency  measurements  can  be  used  to  calculate  an  ADI  value  by  means  of 
the  Stokinger  and  Woodward  (1958)  model: 


ADI 


TLV  x  BR  x  DE  x  d  x  A. 
_ A 

(Aq  x  SF) 


where 


BR  -  daily  air  intake  (assume  10  m^), 

DE  -  duration  of  exposure  in  hours  per  day, 
d  -  5  days/7  days , 

Aa  -  efficiency  of  absorption  from  air, 

a"  -  efficiency  of  absorption  from  oral  exposure,  and 

SF  -  safety  factor. 


For  deriving  an  ADI  from  animal  inhalation  toxicity  data,  the  equa¬ 
tion  is: 


ADI  - 


CA  x  D.  x  d  x  A.  x  BR  x  70  kg 
_ E _ A _ _ 

BWa  x  Aq  x  SF) 


where 


70  kg 

bwa 

S? 


concentration  in  air  (mg/m^), 
oration  of  exposure  (hr/day) , 
number  of  days  exposed/number  of  days  observed, 
efficiency  of  absorption  from  air, 
volume  of  air  breathed  (m^/day) , 
standard  human  body  weight, 
body  weight  of  experimental  animals  (kg), 
efficiency  of  absorption  from  oral  exposure,  and 
safety  factor. 


The  safety  factors  used  in  the  above  equations  are  intended  to 
account  for  species  variability.  Consequently,  the  mg/surface  area/day 
conversion  factor  is  not  used  in  this  methodology. 


5.  ORGANOLEPTIC  CRITERIA 


Organoleptic  criteria  define  concentrations  of  substances  which 
impart  undesirable  taste  and/or  odor  to  water.  Organoleptic  criteria 
are  based  on  aesthetic  qualities  alone  and  not  on  toxicological  data, 
and  therefore  have  no  direct  relationship  to  potential  adverse  human 
health  effects.  However,  sufficiently  intense  organoleptic  effects  may, 
under  some  circumstances,  result  in  depressed  fluid  intake  which,  in 
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turn,  might  aggravate  a  variety  of  functional  diseases  (i.e.,  kidney  and 
circulatory  diseases) . 

For  comparison  purposes,  both  organoleptic  criteria  and  human 
health  effects  criteria  can  be  derived  for  a  given  water  pollutant; 
however,  it  should  be  explicitly  stated  in  the  criteria  document  that 
the  organoleptic  criteria  have  no  demonstrated  relationship  to  potential 
adverse  human  health  effects. 
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